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Sincethe publication of Maheshwari and 
Johri’s ( 1941 ) account of the embryo sac 
of Acalypha indica, several other works 
have appeared on different species of this 
genus. Swamy and Balakrishna ( 1946 ), 
Landes (1946), Banerji (1949) and 
Thathachar (1952) have investigated 
A. tricolor, A. rhomboidea, A. fallax and 
A. lanceolata! respectively. Some other 
genera of the Euphorbiaceae have been 
studied by Maheshwari (1942), Kajale 
and Rao (1943), D’Amato (1947) and 
Srivastava (1952). 

So far a complete account of the em- 
bryology has not been given for any 
species of Acalypha. Moreover, some of 
the observations made by Landes, Banerji 
and Thathachar are different from ours. 
It was, therefore, considered worthwhile 
to resume this work after a lapse of twelve 
years. This paper deals with micro- 
_ sporogenesis, male gametophyte and de- 
velopment of the seed. 


Material and Methods 


Most of the preparations used for this 
work were made in 1934 when one of us 
(B.M. J.) was working at Agra College, 
Agra. Some of the slides for the study 
of seed anatomy were recently prepared 
from material collected from the Uni- 
versity Botanical Garden, Delhi, during 
September-October, 1952. 

Sections were cut 8-12 u thick and 
stained in iron-haematoxylin as well as in 
safranin-fast green. The former combina- 
tion gave better results. The stony layer 


1. According to Hooker (1885) and Gamble 
(1924), Acalypha fallax Muell. Arg. and 4. 
lanceolata Id. are synonyms. 


of the inner integument makes sectioning 
difficult and therefore the seeds were 
softened for 2-3 weeks in 50 per cent 
hydrofluoric acid diluted with 70 per cent 
ethyl alcohol. Sclereids in the seed coat 
were studied from macerated preparations 
stained in safranin. Whole mounts of 
ovules were stained in acetocarmine 
mixed with an equal quantity of 50 per 
cent glycerine. These proved very help- 
ful for the study of the nucellus and the 
embryo. Acetocarmine smears of pollen 
grains were also examined. 


Male Flower 


The ebracteate, apetalous male flowers 
are clustered above the female flowers 
around the axis of the spike which ends in 
a uniovulate horizontally disposed female 
flower ( see Clarke, 1887; Kenoyer, 1919; 
Maheshwari & Johri, 1941). The maie 
flower shows four, more or less connate, 
membranous sepals and 8 free stamens 
situated on a raised receptacle. Fig. 1 
shows a cross-section of a male flower in 
which the 8 filaments (f) and 16 pollen 
sacs ( ps), two for each anther, can be 
easily made out. The filament is short 
and broad with a divaricate, flexuous, 
monothecous anther ( Fig. 2). The con- 
nective protrudes beyond the pollen sacs 
and the vascular bundle reaches up to its 
apex. There is a good deal of sterility 
in the male flowers. 


Microsporogenesis 


The young anther lobe shows a multi- 
celled hypodermal archesporium consisting 
of 4-6 cells in transverse and 12-20 cells 


* A brief account of endosperm and embryo development in this plant has already appeared 


earlier ( Johri, 1952 ). 
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in longisection. The primary parietal 
layer is formed as usual and gives rise to 
the endothecium, single middle layer and 
tapetum (Fig. 3). Thus the wall of the 
anther consists of four layers, including 
the epidermis, as is also the case in 
Acalypha fallax ( Banerji, 1949) and A. 
lanceolata ( Thathachar, 1952). 

The epidermis shows yellow granular 
contents. Although its cells are much 
flattened, the layer persists till maturity 
in contrast to the condition in A. fallax 
where Banerji reports its complete dis- 
appearance. Along the outer margin of 
the pollen sac, two rows of cells become 
more conspicuous than others ( Figs. 2, 
5, da). The outer walls of these cells are 
prominently thickened but the endothecial 
cells below them are poorly developed. 
The separation of the large cells along the 
thin middle wall brings about dehiscence 
of the anther. 

The endothecium develops the usual 
fibrous thickenings. The middle layer 
shows signs of degeneration during Meiosis 
II, but its remains persist until a late 
stage ( Fig. 5). 

Due to mitotic divisions the tapetal 
cells become 2- to 3-nucleate before the 
microspore mother cells enter reduction 
division. By the time uninucleate pollen 
grains have been formed, the radial and 
inner tangential walls of the tapetal cells 
break down and the multinucleate proto- 
plasts protrude into the loculus. They 
wander in between the pollen grains and 
finally fuse to form a true periplasmodium 
(Figs. 4, 5). This takes a green stain 
with safranin and fast green, only the 
nuclei appearing reddish. As the pollen 
grains enlarge and reach maturity, the 
periplasmodium is gradually consumed. 

Banerji ( 1949 ) and Thathachar ( 1952) 
report that in A. fallax and A. lanceolata 
respectively the tapetum is of the secretory 
type. Such a difference between species 
of the same genus is not likely and the 
species A. fallax ( — A. lanceolata ) needs 
to be re-examined. 

During meiosis the protoplasts of the 
microspore mother cells recede from the 
original wall and a special mucilaginous 
wall is secreted between the protoplast 
and the original wall. The reduction 
divisions are simultaneous ( Fig. 6) and 


the spindles may lie at right angles or 
parallel to each other ( Figs. 7,8). Cyto- 
kinesis is brought about by centripetal 
furrows followed by wedges of the special 
mucilaginous wall which meet in the centre 
and bring about quadripartition ( Figs. 9, 
10). Thathachar (1952) observed only 
tetrahedral tetrads in A. lanceolata but 
in our material isobilateral and decussate 
tetrads ( Fig. 11 ) were also common. As 
the microspores enlarge, the mucilaginous 
wall is consumed and the microspores are 
liberated. The young microspore soon 
acquires an intine and an exine ( Figs. 
120133 


Male Gametophyte 


A large vacuole appears in the uni- 
nucleate pollen grain and pushes the 
nucleus towards the wall (Fig. 13). 
During its division, an asymmetrical meta- 
phase spindle is formed (Fig. 14). As 
noted by Brumfield ( 1951 ) in some other 
plants, the wallward ( or generative ) pole 
is blunt while the other is pointed. 

After the division of the microspore 
nucleus a membrane? is laid down between 
the generative and the vegetative nuclei 
( Fig. 15), but due to its early dissolution 
the generative cell moves up and comes 
to lie adjacent to the vegetative nucleus. 
The two sperm cells are spherical in the 
beginning, but become somewhat elong- 
ated at maturity (Figs. 16, 17). The 
sheaths of lightly staining cytoplasm are 
clearly distinguishable. The 2- and 3- 
celled pollen grains show abundant starch 
grains which often mask the nuclei. At 
the time of dehiscence, however, the 
cytoplasm appears clearer and the nuclei 
are seen quite distinctly even in aceto- 
carmine preparations. The vegetative 
nucleus shows an irregular outline and 
takes a denser stain. Pollen grains with 


2. D’Amato (1947) and Srivastava (1952) 
mention their failure to observe the separating 
membrane (they call it cell wall) between the 
generative and vegetative cells in the Euphorbia 
species worked out by them. However, 
D’Amato’s Fig. 29 clearly shows such a mem- 
brane. It may be pointed out that the lightly 
staining membrane as well as the cytoplasmic 
sheaths of generative and sperm cells are distin- 
guishable only in thin sections with critical 
staining, and may sometimes be recognized even 
in acetocarmine smears. 


13 14 15 16 17 18 


Fics. 1-18 — Male flower, microsporogenesis and male gametophyte. c, connective; d, region 
of dehiscence; f, filament; k, calyx; ps, pollen sac. Fig. 1. T.S. male flower. x 245. Fig. 2. 
Single stamen showing monothecous anther lobes. x 134. Fig. 3. L.S. part of anther lobe at 
mother cell stage. x 1071. Fig. 4. Pollen grains surrounded by periplasmodium. x 803. 
Fig. 5. T.S. part of older anther lobe, note remnants of periplasmodium and the two bigger 
thick-walled epidermal cells (d), indicating region of dehiscence. x 803. Figs. 6-8. Meiosis I and 
II. x 1606. Fig. 9. Cytokinesis, x 1606. Figs. 10, 11. Tetrads. x 1606. Fig. 12. Micro- 
spore. x 1606. Figs. 13-17. Uni-, bi- and tri-celled pollen grains. x 1606. Fig. 18. Pollen 
grain in surface view. x 1606. 


degenerated nuclei are quite common. with this topic, but the genus Acalypha 
The mature pollen grains are 3-celled, have has not received much attention. 

a smooth, striated exine and show three 

germ pores ( Fig. 18). Wodehouse ( 1935 ) Megasporogenesis and Female 
makes no reference to the pollen grains of Gametophyte 

the Euphorbiaceae. In his recent book 

entitled Pollen Morphology and Plant The tetrasporic origin and the develop- 
Taxonomy, Erdtman (1952) has dealt ment of the embryo sac in Acalypha indica 
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has been fully discussed by Maheshwari 
and Jchri (1940, 1941). Banerji’s ( 1949 ) 
observations on A. fallax are essentially 
similar. 

An embryo sac of the Penaea type has 
recently been reported in Mallotus philip- 
pinensis ( Thathachar, 1953), A. tricolor 
(Swamy & Balakrishna, 1946), and A. 
rhomboidea ( Landes, 1946). According 
to Thathachar (1952), A. lanceolata has 
an embryo sac of the Peperomia hispidula 
type. Banerji and Thathachar’s observa- 
tions on Acalypha will be referred to more 
fully in the “ Discussion ”’ 

Maheshwari (1942) has reviewed the 
occurrence of the Polygonum, Allium, 
Fritillaria, Drusa and Adoxa types of 
embryo sacs in the Euphorbiaceae. Ar- 
noldi’s (1912) account of an Oenothera 
type in Codiaeum and Ceramanthus ( = 
Phyllanthus) has already been contra- 
dicted by Lundberg ( 1931) and Mahesh- 
wari and Chowdry (1937) respectively. 
Sanchez’s (1938) report of the Adoxa 
type in Euphorbia heterophylla has also 
been shown to be erroneous ( Mahesh- 
wari, 1942). Inall the three last named 
genera the embryo sac is of the Poly- 
gonum type. The Oenothera and Adoxa 
types may, therefore, be considered to be 
non-existent in the Euphorbiaceae. 


Fertilization 


Fertilization is porogamous. The pollen 
tube makes its way through the obturator 
and the nucellar beak (Fig. 19). The 
lateral and chalazal groups of cells usually 
collapse before fertilization ( Figs. 20, 22) 
and only rarely they may remain healthy 
(Fig. 21). The pollen tube enters in 
the vicinity of the micropylar group 
which may be 2- to 3-, sometimes 1-celled. 
Excepting the egg, all the other cells de- 
generate before or at the time of fertiliza- 
tion. Only in one case an additional cell 
was found to persist in a healthy condition 
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up to the time of division of the primary 
endosperm nucleus ( Fig. 23). 

A large number of embryo sacs showed 
stags in double fertilization (Figs. 20- 
22). Syngamy precedes fertilization of 
the fusion nucleus. The latter appears 
as a large irregularly lobed mass due to 
incomplete fusion of the constituent nuclei. 
The primary endosperm nucleus is organiz- 
ed only after the formation of the zygote 
(Figs 200); 

The pollen tube is absorbed before the 
division of the oospore. Figs. 22 and 23 
show its remnants; in Fig. 24 it has been 
nearly absorbed and it is no longer dis- 
tinguishable in Fig. 25. 

Stephen’s (1909) observation that one 
or more groups of cells in the embryo 
sac may persist in the Peneaceae during 
the first few divisions of the proembryo 
could not be confirmed in A. indica. 


Endosperm 


The endosperm is of the Nuclear type. 
The primary endosperm nucleus divides _ 
earlier than the zygote (Fig. 23). Re- 
peated free nuclear divisions occur syn- 
chronously and the multinucleolate 
daughter nuclei take up a peripheral 
position (Figs. 24-28). There is an 
aggregation of somewhat smaller nuclei 
and denser cytoplasm at the chalazal end 
of the embryo sac. Wall formation is 
simultaneous and is initiated after 64 
(rarely 32) nuclei have been formed. 
Fig. 29 represents an embryo sac ( from 
the ovule of a terminal flower) which 
shows the cellular endosperm and a 
globular proembryo. 

Centripetal growth of the endosperm 
takes place by periclinal divisions of the 
first-formed cells and finally the entire 
embryo sac becomes filled with cells. 
The central cells are much larger and 
vacuolated whereas the peripheral ones are 
narrow and elongated. The latter divide 


Fics. 19-30 — Fertilization and endosperm. 


— 


ca, funicular side of outer integument which 


forms the caruncle; hy, hypostase; mb, nucellar beak; nv, nucellar vascular supply; ob, obturator; 


pt, pollen tube; z, zygote. Fig. 19. 
20-22. Stages in double fertilization. X 467. 
x 467. Figs. 24-28. 
Fig. 28, x 260. 


L.S. of ovule showing passage of pollen tube. x 173. 
Fig. 23. 
Free nuclear endosperm; zygote is dividing in Fig. 25. 
Figs. 29, 30. Cellular endosperm; Fig. 29 from ovule of terminal flower. x 260. 


g ] Figs. 
Division of primary endosperm nucleus. 
Figs. 24-27, x 467. 


Fics. 19-30. 
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like a cambium so that tiers of radially 
arranged cells are formed ( Fig. 30). 

The endosperm broadens a good deal in 
the middle, consuming the lateral nucellar 
cells and coming in contact with the inner 
epidermis of the inner integument. At the 
upper end it reaches nearly to the base of 
the micropyle and is capped only by the 
crushed remnants of the nucellar beak. 
Several layers of disorganized nucellus 
( perisperm ) persist below the endosperm 
( Fig. 60). 

The embryo develops at the expense of 
the endosperm, but consumes only its 
central core ( Figs. 58, 60). 


Embryo 


The oospore enlarges and divides after 
the formation of four endosperm nuclei 
(Figs. 24, 25). The first division is 
transverse and gives rise to the terminal 
cell (ca) and the basal cell (cb) ( Fig. 31 ). 
Rarely the division may be oblique-vertical 
as indicated by the position of the spindle 
in Fig. 25. The terminal cell always stains 
more intensely than the basal. 

The basal cell (cd ) divides transversely 
to form the cells m and ci ( Figs. 32, 34). 
Sometimes cb divides by an oblique or 
vertical wall so that the tier m is not 
formed (Figs. 33, 39). When present, 
it undergoes a vertical division. The two 
daughter cells remain undivided ( Figs. 36, 
37, 41, 42, 44, 46). 

The division of ci forms the tiers # and 
n' ( Figs. 36, 37, 42, 43). Of these n’ 
may divide again into o and p ( Fig. 41). 
However, sometimes ci may not form # 
and n’, but may undergo oblique or vertical 
divisions ( Figs. 35, 38, 40, 44, 45, 46). 
Finally the derivatives of m and ci 
form a conical suspensor of 4-8 poorly 
cytoplasmic, vacuolated cells. They stain 
lightly and do not show any haustorial 
activity. 

The cell ca divides vertically and sub- 
sequent divisions lead to the formation of 
the quadrant and octant stages ( Figs. 34- 
40). The two tiers of the octant have 
been designated as / and /’. Their peri- 
clinal divisions demarcate the dermatogen 
( Fig. 41). Further divisions produce a 
globular embryonal mass which later 
becomes heart-shaped ( Figs. 42-45). By 
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this time the periblem and the plerome 
are also distinguishable. 

The derivatives of / produce the coty- 
ledons and the stem tip while those of 
l’ give rise to the root initials ( Figs. 42, 44- 
46, h) and the hypocotyl ( Figs. 46, 47 ). 

A hypophysis seems to be absent since 
the cell m, of the 3-celled proembryo ( Fig. 
32), is sometimes not formed ( Figs. 33, 
39). Whenever present, it does not pro- 
duce the hypophysis, but part of the 
suspensor (Figs. 42-46). Thathachar 
(1952) mentions that in Acalypha lanceo- 
lata both the cells of the 2-celled pro- 
embryo divide vertically. It may be 
concluded that the cell m and consequent- 
ly the hypophysis is not formed. These 
cases could be referred to the Lotus 
variation under the Onagrad type ( Johan- 
sen, 1950). 

Thus cb produces the suspensor and 
makes no contribution to the embryo 
proper which originates from the divisions 
of ca only. The development, therefore, 
corresponds to the Crucifer type. 


Testa and Pericarp 


SEED COAT — Soon after fertilization 
the outer integument comprises 3-4 layers 
except at the micropylar end where it is 
6-8 cells thick. The inner integument is 
composed of 4-5 layers and its outer epi- 
dermis shows densely staining, richly 
protoplasmic cells. The outer epidermis 
of the outer and the inner epidermis of 
the inner integument are conspicuous due 
to the presence of tannin ( Fig. 48 ). 

During post-fertilization development 
the integuments undergo considerable 
changes particularly after the differentia- 
tion of the cotyledons. The inner epi- 
dermis of the outer integument broadens 
and the radial walls of its cells show 
fibrous thickenings. The cells of the 
outer epidermis of the inner integument 


acquire highly sclerosed walls with 
numerous pit canals. They are obliquely 
oriented, their 5- to 6-sided bases lie 


adjacent to the outer integument and 
the long tapering apices face inwards 
(Figs. 49-51). The inner epidermis 
develops band-like thickenings and its 
cells become filled with coarsely granular 
material ( Fig. 49 ). 


| Fics. 31-47 — Development of embryo. h, root initials; vc, root cap. For explanation see 
text. Figs. 31-46, x 607; Fig. 47, x 152. 


Fics. 48-57 — Testa and pericarp. end, endosperm; gh, glandular hair; ii, inner integument; 
nu, nucellus; oi, outer integument; P¢y,2,3, different zones of pericarp. Fig. 48. L.S. part of 
integuments and nucellus at early post-fertilization stage. x 434. Fig. 49. Testa, nucellus and 
part of endosperm from young seed. x 434. Figs. 50, 51. Sclereids from macerated prepara- 
tion of outermost layer of inner integument. x 434. Fig. 52. L.S. part of pericarp. x 434, 
Figs. 53-55. Development of glandular hairs. x 434. Fig. 56. T.S. apex of glandular hair. 
x 434. Fig. 57. Thick-walled trichome from pericarp. x 434. 
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The brittle stony layer formed from the 
outer epidermis of the inner integument 
becomes the hard brown coat of the mature 
seed. Similar observations have also been 
made by Netolitzky (1926) in several 
members of the Euphorbiaceae. The 
epidermis and the hypodermis of the outer 
integument and the 5-6 layers between 
the outer and the inner epidermis of the 
inner integument remain thin-walled and 
become flattened at maturity. 

PERICARP — The pericarp shows a broad 
outer zone of parenchymatous cells with 
numerous epidermal glandular hairs and 
trichomes (Fig. 52, #c,). Next follows 
the palisade-like layer ( pc, ) whose cells 
become radially thickened at maturity. 
Last of all there is the inner epidermis of 
small cells which are nevertheless quite 
conspicuous due to the presence of yellow- 
ish granular contents ( pc;). The width 
of the outer two zones ( pc;, pc, ) is some- 
what irregular ( Fig. 59 ). 

The outer epidermis is uneven and a 
number of cells divide actively to form 
uni-, bi- or tri-seriate glandular hairs ( Figs. 
52-56). They have a capitate apex and 
their cells are filled with tannin. Some 
of the epidermal cells develop into uni- 
seriate, thick-walled, 2- to 3-celled tri- 
chomes ( Fig. 57). 


Seed and Fruit 


The seed and fruit show some interesting 
features which may be taken up one by 
one. 

CARUNCLE — Soon after fertilization the 
inner integument grows and covers the 
nucellar beak. The outer integument 
also swells at the apex and crushes the 
obturator. Due to repeated divisions of 
2-3 hypodermal layers, the swelling be- 
comes much more prominent on the funi- 
cular side and finally forms the caruncle 
( Figs. 58, 67, 68). This is a plate-like 
projection at the micropylar end, grooved 
in the middle on the outer margin and 
consisting of cuticularized cells. The 
outer tangential wall, and to some extent 
the inner wall, of the outer epidermis 
develops a thick cuticle. The inner epi- 
dermal layer shows the same structure as 
described previously under the testa. 
The caruncle is present only in the seeds 
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formed from the lateral flowers and not in 
the single seed of the terminal flower 
(Fig. 65) (cf. Clarke, 1887; Kenoyer, 
1919). Schweiger (1905) reported the 
presence of the caruncle in several species 
of Euphorbia. Landes (1946) has re- 
cently investigated its development in A. 
rhomboidea and six species of Euphorbia. 
Our observations are in agreement with 
hers. Banerji (1949) did not study suf- 
ficiently old ovules of A. fallax, but 
Thathachar (1952) mentions that in A. 
lanceolata the outer integument produces 
the caruncle. Possibly, during dispersal, 
it aids in loosening the seed from the 
placenta. 

NUCELLUS — At the time of fertilization 
the funicular vascular supply extends only 
to a short distance into the nucellus at its 
base ( Fig. 19). Subsequently it extends 
higher up in the peripheral region and 
reaches above one-third of its height 
(Fig. 58). 

Landes (1946) reports that in Aca- 
lypha rhomboidea the nucellar strand 
splits into several branches but in A. 
indica it forms a continuous sheath 
(Fig. 59, nv). 

At first the nucellar vascular supply 
consists of narrow, elongated, richly cyto- 
plasmic cells like those of the funicular 
strand. By the time the proembryo is 
heart-shaped, spiral tracheids differen- 
tiate in the funicular as well as the basal 
portion of the nucellar vascular tissue. 
With the appearance of the cotyledons 
they extend further upwards into the 
nucellus and serve to transport food 
material to the developing endosperm 
and embryo. 

It has already been mentioned that the 
endosperm consumes the nucellus except 
for the crushed remains of the apical beak 
and a few layers at the base which form 
the perisperm (Fig. 60). 

The cells around the funicular strand 
differentiate into a conspicuous hypostase 
( Figs. 19, 58, 60). To begin with it con- 
sists of densely staining, richly proto- 
plasmic cells but gradually they become 
thick-walled and filled with tannin. In Aca- 
lypha rhomboidea the hypostase appears 
at the globular stage of the proembryo 
while in Euphorbia maculata it is not 
found until the ovule is nearing maturity 
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Fics. 58-69 — Seed and fruit. 6, bract; ca, caruncle ; cot, cotyledon ; 
endosperm ; hy, hypostase ; ii, inner integument, 1 and 2 represent outer 
layers respectively ; nb, nucellar beak; nu, nucellus; nv, nucellar vascular supply ; nt, nucellar 
tracheids ; ot, outer integument, 1 and 2 as before ; P¢x,2,3, different zones of pericarp ; pe, peri- 
sperm; pl, plumule ; rad, radicle ; rc, root cap; s, stigma ; st, style. Fig. 58. L.S. young seed, 
vascular supply extends above one-third the height of the nucellus. 47. Fig. SO ME SOS 
fruit at level marked X in Fig. 58, the vascular supply extends all around the periphery 
in the nucellus. X 25. Fig. 60. L.S. of almost mature seed ( testa removed ), nucellar tracheids 
extend up to the apex of the perisperm. x 72. Figs. 61-63. T.S. of embryo approximately 
at levels A, B and C respectively marked in Fig. 60. x 72. Fig. 64. Terminal fruit. x 8. 
Fig. 65. Seed from same, the caruncle is absent. x 8. Fig. 66. Lateral fruit with bract. 
x 3. Fig. 67. Seed surrounded by pericarp, style and stigma persistent. x 8 Fig. 68. Seed 
from lateral flower. x 8. Fig. 69. Mature embryo. x 25. 


emb, embryo ; end, 
most and innermost 
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(Landes, 1946). In A. indica it can be 
seen at the time of fertilization. 

SEED AND FRUIT— The mature em- 
bryo is typically dicotyledonous. The 
vascular tissue is well defined in the 
hypocotyl and divides freely in the broad, 
flat cotyledons ( Figs. 60-63, 69). Each 
seed contains only a single embryo and no 
case of polyembryony has been observed. 

The seeds appear light brown due to 
the soft, creamy-yellow outer integument 
which masks the brown colour of the 
stony layer of the testa. The endosperm 
and the embryo store oil globules. The 
perisperm is devoid of food reserves. 

The hispid fruits are capsular. The 
single terminal fruit shows two scaly 
bracts, has a peculiar triangular shape 
and contains only one seed ( Figs. 64, 65 ). 
The lateral fruits are concealed by large 
bracts ( Fig. 66). Each consists of three 
small cocci and usually one, sometimes 
two, or even all the three may contain a 
fertile seed ( Figs. 67, 68). There is a 
good deal of degeneration in the female 
flowers so that only a few of them produce 
healthy fruits. 


Discussion 


The observations referred to in the 
foregoing pages differ in many respects 
from what is already known in the dif- 
ferent species of Acalypha. 

STAMEN — In a recent study of the 
stamens of Ricinus communis, Pijl ( 1952 ) 
has corrected the earlier observations of 
Lam (1948) and has shown that the 
anthers are 4-lobed, the microsporangia 
are laterally situated, and the connective 
extends beyond them. He _ concludes 
that the stamens of R. communis lend no 
support to the concept of stachyospory 
as against the more widely accepted 
classical view of phyllospory. In A. 
indica also the anther lobes are laterally 
situated and the connective projects 
beyond them. Such a structure supports 
the classical view rather than “the 
recent idea as developed in The New 
Morphology, that it (the stamen) took 
its origin before the foliage leaf had been 
evolved ’’? (see also Thomas, 1932-33, 


3. Quotation from Parkin (1951 ), parenthesis 
ours. ‘He also accepts the classical view. 
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1936; Wilson, 1937; Parkin, 1951 ). Eames 
(1951) does not favour Lam’s classifica- 
tion of angiosperms into Phyllosporous 
and Stachyosporous groups and he con- 
siders such a division as “ morphologi- 
cally, taxonomically and genetically 
untenable ’’. 

PERIPLASMODIUM — In almost all mem- 
bers of the family the anther tapetum is 
of the secretory or glandular type. Ac- 
cording to Schürhoff ( 1924 ), in Euphorbia 


‘procera, the tapetal protoplasts begin to 


grow inside the loculus at the time of 
microspore formation. They maintain 
their individuality, however, and do not 
give rise to a periplasmodium. Their 
behaviour can only be considered as an 
approach towards its formation. In A. 
indica a true periplasmodium is formed 
after the formation of uninucleate pollen 
grains. 

POLLEN GRAINS — The mature pollen 
grains are binucleate in Euphorbia corol- 
lata (Lyon, 1898), Jatropha gossypifolia 
( Kajale & Rao, 1943), Gelonium multi- 
florum (Banerji, 1951) and E. rothiana 
(Srivastava, 1952). D’Amato ( 1947) has 
also made similar observations in several 
other species of Euphorbia. His report 
that in E. nutans the pollen grains are uni- 
nucleate at maturity needs confirmation 
since there are no undoubted records of 
this kind in angiosperms. The 3-celled 
condition is known in E. procera, E. nicae- 
ensis, E. aphylla, Manihot dichotoma 
( Schiirhoff, 1924) and E. hirta ( Kajale 
& Rao, 1943). In A. lanceolata ( Tha- 
thachar, 1952) 2-celled pollen grains are 
reported while in A. indica they are 3- 
celled with two conspicuous sperm cells. 
It is likely that in some of the species men- 
tioned above only immature pollen grains 
were examined. In such cases either the 
generative cell had not yet divided or the 
sperm cells were masked due to the pre- 
sence of starch. 

Empryo SAc — In the genus Acalypha 
the Penaea type of embryo sac is reported 
in A. australis ( Tateishi, 1927), A. in- 
color (Swamy & Balakrishna, 1946) and 
A. rhomboidea ( Landes, 1946); a modi- 
fied Penaea type in A. indica ( Mahesh- 
wari & Johri, 1941) and A. fallax (Banerji, 
1949); and the Peperomia hispidula type 
in A. lanceolata ( Thathachar, 1952). 
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The embryo sac of A. indica has been 
considered to be of an intermediate or- 
ganization between the Penaea and Plum- 
bago types (Maheshwari & Johri, 1941 ). 
It may also represent an intermediate type 
in the series (a) A. australis, A. rhomboidea, 
A. tricolor, (b) A. indica, A. fallax and 
(c) A. lanceolata. A. indica, therefore, 
appears to be a synthetic form which, 
on the one hand, shows affinities to the 
Penaea type and, on the other hand, to 
the Plumbago and Peperomia types. 

As Has already been pointed out earlier, 
Hooker (1885) and Gamble ( 1924) con- 
sider A. fallax Muell. Arg. and A. lanceo- 
lata Willd. to be synonyms. That in the 
same species there should occur two 
different types of embryo sac develop- 
ment, without any intermediary grades, 
appears somewhat peculiar. In our opi- 
nion these plants deserve further study in 
order to see if a separate specific status is 
justified. 

ENDOSPERM — A variable number of 
nuclei contribute to the formation of the 
fusion nucleus in different species of 
Acalypha: 4 in A. australis ( Tateishi, 
1927 ) and A. rhomboidea ( Landes, 1946 ), 
6-9 in A. indica (Maheshwari & Johri, 
1941) and A. fallax (Banerji, 1949), 
and 14 in A. lanceolata ( Thathachar, 
1952). Thus, after fertilization the pri- 
mary endosperm nucleus is 5- to 15-ploid. 
Whatever may be its constitution, the 
development and ultimate fate of the 
endosperm is the same in each case, 

As in other members of the family, the 
endosperm is of the Nuclear type. Tate- 
ishi (1927) reports that in A. australis 
wall formation takes place only after about 
eight successive nuclear divisions have 
occurred. In A. lanceolata it starts after 
the formation of 32 nuclei while in A. 
indica it may be initiated only at the 64- 
nucleate (rarely 32 ) stage. 

EMBRYO — The development of the em- 
bryo has been studied in several species: 
Euphorbia procera ( Modilewski, 1908), 
E. esula (Souéges, 1924), E. exigua 
(Souéges, 1925), E. preslii and E. splendens 
(Weniger, 1917), E. mauritanica (Ventura, 
1933), E. rothiana (Srivastava, 1952), 
and Acalypha lanceolata ( Thathachar, 
1952). The first division of the zygote is 
transverse except in E. preslit and E. 


PHYTOMORPHOLOGY 


[July 


rothiana where it is longitudinal. The 
latter course is rather unusual and is 
characteristic of the Loranthaceae and 
Balanophoraceae (see Johansen, 1950; 
Maheshwari, 1950 ). 

The following variations have been 
reported: 

(1) The basal cell of the 2-celled pro- 
embryo divides transversely into the 
cells m and ci. A few-celled conical sus- 
pensor develops from ci while m gives rise 
to hypophysis from which the root cap 
and root cortex are derived. The terminal 
cell of the 2-celled proembryo produces 
the cotyledons, stem tip and the hypocotyl. 
Such a sequence of development is known 
in E. procera, E. esula, E. exigua, E. splen- 
dens and Acalypha australis* and conforms 
to the Onagrad type, Euphorbia? variation 
( Johansen, 1950). Maheshwari (1950) 
prefers to designate the'Onagrad® as the 
Crucifer type. 

(2) The basal cell of the 2-celled pro- 
embryo produces a conical suspensor of 
4-8 cells while the terminal cell gives rise 
to all the parts of the embryo proper. In 
this case also, met with in A. lanceolata 
( Thathachar, 1952) as well as in À. 
indica, the development conforms to 
the Onagrad type, Lotus® variation (see 
Johansen, 1950). 

(3) Whereas in the two previous types 
the first division of the zygote is trans- 
verse, in this case it is longitudinal. Each 
daughter cell segments transversely and 
further divisions produce a globular mass 
of cells lacking a suspensor. Such a con- 
dition has been reported only in E. preslit 
( Weniger, 1917) and recently also in 
E. rothiana (Srivastava, 1952). It con- 
forms to the Piperad type, Scabiosaÿ 
variation ( Johansen, 1950). 

Johansen states that the embryo of E. 
mauritanica probably develops like that 
of E. preslii. However, Ventura’s ( 1933 ) 
Fig. 14 clearly shows a 2-celled pro- 
embryo divided by a transverse wall. The 


4. Details of embryo development are not 
known but from Tateishi’s Figs. 23-25 the devel- 
opment seems to be like that of A. indica. 

5. It may be pointed out that the classification 
of embryo development is in a rather confused 
state and a good deal more information is 
necessary before any satisfactory classification 
can be achieved. 
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development, therefore, would not corres- 
pond to the Piperad type and Johansen’s 
conclusion appears to be erroneous. 

Thathachar ( 1952 ) mentions that in A. 
lanceolata the first division of the zygote is 
transverse leading to the formation of the 
cells ca and cb. Both the cells now divide 
longitudinally. The two daughter cells 
of cb divide irregularly giving rise to a 
suspensor of 5-6 large vacuolated cells. 
He states: “ The outer margins of these 
cells are prolonged into lobed outgrowths 
with the nuclei located at their tips ( Fig. 
26). These probably serve a nutritional 
rôle absorbing food from the surrounding 
tissue at the micropyle into which the 
suspensor fits. A massive suspensor of 
this type is common in the Leguminosae 
( Maheshwari, 1950 ), but does not appear 
to have been noticed previously in 
Euphorbiaceae.” 

Our observations on A. indica indicate 
that the suspensor is on the whole poorly 
developed and consists of 4-8 large vacuo- 
lated cells. It seems to bear no relation 
to the massive suspensor known in the 
Leguminosae. Neither whole mounts nor 
microtome sections of embryos showed 
any marginal prolongations of suspensor 
cells. Whether the latter have any 
haustorial rôle seems doubtful since they 
remain poorly cytoplasmic, the single 
nucleus shows no hypertrophy, there is no 
accumulation of reserve food, and the 
adjacent nucellar cells remain intact even 
after the differentiation of cotyledons by 
which time the suspensor collapses. 

POLYEMBRYONY — Polyembryony has 
been known in the Euphorbiaceae for a 
long time. Roeper (1824) and De Can- 
dolle (1827; quoted in Weinger, 1917) 
observed two embryos in the seed of 
Euphorbia platyphylla and E. helioscopia 
respectively. Schürhoff ( 1926 ) also men- 
tions that polyembryony occurs in these 
two species and the additional embryo 
originates from one of the synergids. In 
Alchornea (= Caelebogyne) 1hcifolia (Stras- 
burger, 1878; quoted in Schnarf, 1931) 
and E. dulcis (Carano, 1925, 1926) 
the normally formed egg apparatus dis- 
organizes while adventive embryos arise 
from the inpushing nucellar cells ( see also 
Schnarf, 1931; Gustafsson, 1946; Johan- 
sen, 1950). 
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In Mallotus japonicus ( Ventura, 1934) 
fertilization does not occur. Usually two 
adventive embryos arise at the micro- 
pylar end of the embryo sac. Their origin 
is uncertain and requires verification. 

So far polyembryony has not been ob- 
served in any species of Acalypha. 

SEED — The caruncle which is a char- 
acteristic feature of the Euphorbiaceous 
seed arises from the outer integument. 
Besides the presence of an obturator, 
nucellar beak and hypostase, there is 
vascularization of the nucellus and the 
integuments. 

In most members of the Euphorbiaceae 
the nucellar beak is supposed to dis- 
organize and disappear during or soon 
after fertilization but in A. indica its 
remnants persist in the. mature seed. 
Whole mounts show it more clearly than 
microtome sections. Landes also points 
out that a few cells of the nucellar beak 
persist in A. rhomboidea. 

Mandl ( 1926; quoted in Landes, 1946 ) 
mentions that short branches of the 
vascular bundles enter the nucellus in 
Euphorbia. Landes confirmed it and 
showed that in Euphorbia dentata, E. mar- 
ginata, E. corollata, E. esula and E. macu- 
lata the vascular strand enters the chalaza 
and ends in a number of short branches 
below the hypostase. She found that in 
Acalypha rhomboidea several branches of 
the funicular strand reach the nucellus 
and branch again in its peripheral region 
ascending up to one-fifth the length of the 
ovule. Tracheids with spiral thickenings 
are very prominent after the differentia- 
tion of the cotyledons. In A. #ndica such 
cells are seen all around in the peripheral 
part of the nucellus forming a tracheidal 
sheath extending up to a little more than 
one-third of the length of the nucellus. 
Banerji (1949) and Thathachar (1952) 
make no mention of nucellar tracheids in 
A. fallax and A. lanceolata respectively 
and it appears that they examined only 
immature ovules. 

Besides the Euphorbiaceae, nucellar 
tracheids are also known in several other 
families, e.g. Asclepiadaceae, Capparida- 
ceae, Resedaceae, Casuarinaceae, Amen- 
tiferae, Liliaceae, Thymeleaceae and Ola- 
caceae (see Landes, 1946; Swamy, 1948; 
Maheshwari, 1950). 
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Integumentary vascular bundles have 
not been observed in any species of 
Acalypha but are common in several 
members of the Euphorbiaceae. They 
may be present in both the integuments 
as in Aleurites, Dalechampia and Cremo- 
phyllum (Le Monnier, 1872; quoted in 
Landes, 1946 ); or in the inner integument 
only as in Ricinus communis, Jatropha 
(Kühn, 1928; quoted in Landes, 1946), 
Croton glandulosus var. septentrionalis and 
Codiaeum variegatum ( Landes, 1946 ). 

The origin of the nucellar and integu- 
mentary tracheids is rather controversial. 
In R. communis ( Kayser, 1892; Schlot- 
terbeck, 1896) and Thymeleaceae ( Mau- 
ritzon, 1939) nucellar vascular tissue has 
been considered to have originated as the 
result of a hypertrophied growth of the 
chalazal tissue ( see Landes, 1946). Neto- 
litzky ( 1926) had also pointed out earlier 
that nucellar and integumentary tracheids 
are really present in the tissue which 
grows up from the chalaza. Our observa- 
tions on A. indica and Landes’s findings 
on A. rhomboidea and some other Eu- 
phorbiaceae do not support this view. 

In concluding this discussion it may be 
pointed out that the origin of the stamen 
is much more understandable on the 
basis of phyllospory rather than stachyo- 
spory. The occurrence of a true periplas- 
modium in Acalypha indica seems to be 
the first record of periplasmodium for- 
mation in the Euphorbiaceae. The be- 
haviour of the anther tapetum and the 
development of the male and female game- 
tophytes of A. fallax and A. lanceolata 
need further study in order to settle the 
question of their synonymy. The origin 
of adventive embryos in E. dulcis requires 
clarification. The suspensor in A. indica 
lacks the massiveness and haustorial réle 
as reported by Thathachar in A. lanceolata. 


Summary 


The structure and development of the 
pollen grains and seed of Acalypha indica 
have been studied. 

The male flower shows eight free sta- 
mens with divaricate, flexuous and mono- 
thecous anthers. 

The anther wall comprises the epidermis, 
fibrous endothecium, ephemeral middle 
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layerandamoeboid multinucleate tapetum. 
The latter forms a true periplasmodium. 

Reduction divisions are simultaneous, 
cytokinesis occurs by furrowing and the 
microspore tetrads may be isobilateral, 
tetrahedral or decussate. Pollen grains 
are shed at the 3-celled stage. 

At the time of fertilization, the tetra- 
sporic 16-nucleate embryo sac contains 
two lateral, one micropylar and one chala- 
zal group of two cells each. Occasionally 
some of these groups may be 3- or 1-celled. 
6-9 polar nuclei fuse in the centre. 

Double fertilization has been observed. 
Only the micropylar egg is fertilized. 

The primary endosperm nucleus divides 
earlier than the zygote and the endosperm 
is Nuclear. Wall formation is initiated 
after 64 ( rarely 32) free nuclei have been 
formed. Subsequently the entire embryo 
sac becomes filled with cellular endosperm. 

The first division of the zygote is trans- 
verse. The basal cell of the 2-celled pro- 
embryo forms a suspensor of 4-8 cells 
while the terminal cell gives rise to a 
typical dicotyledonous embryo. The de- 
velopment corresponds to the Crucifer type. 

The testa consists of two parts. The 
outer integument forms a soft creamy- 
yellow covering with a caruncle at the 
apex. The latter is absent in the seed 
of the terminal flower. The inner integu- 
ment becomes brown and hard. Its 
outermost layer is stony and the innermost 
also becomes thick-walled. 

The seed has a well-developed embryo 
with two flat and broad leafy cotyledons. 
The embryo and the fleshy endosperm 
store oil globules. Remnants of the 
nucellar beak remain distinguishable at 
the micropylar end. In the lower part of 
the seed, the funicular vascular supply is 
continued upwards and forms a peripheral 
tracheidal sheath all around the persistent 
nucellar tissue ( perisperm ). There is a 
well-developed hypostase. 

The pericarp shows an inner epidermis, 
a hypodermal palisade layer and an outer 
broad parenchymatous zone with nu- 
merous glandular hairs and thick-walled 
trichomes. 

Our grateful thanks are due to Prof. P. 
Maheshwari for advice and comments, 
revising the manuscript and allowing free 
access to his personal library. 
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THE CONSTRUCTION OF POLYPORES — 1. INTRODUCTION: 
POLYPORUS SULPHUREUS, P. SQUAMOSUS, P. BETULINUS 
AND POLYSTICTUS MICROCYCLUS 
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To overcome the reluctance which 
clearly exists in anatomizing the poly- 
pore fruit-body, I propose to offer some 
illustrations which will show that there 
is no alternative for proper understand- 
ing of the family. I shall not enter on 
problems of classification at this stage, 
because it is too early to decide what 
features may be generic, tribal or of 
higher rank. Moreover, the family is a 
grade, or artificial assemblage, of fungi 
of diverse affinity, at a common level of 
developing tubes on the underside of the 
fruit-body. Some are related with clava- 
rioid genera, others with stereoid, hyd- 
noid and, even, agaricoid. Indeed, be- 
cause of this heterogeneous origin and 
because of their very intricate construc- 
tion, I believe that the natural classi- 
fication of the polypores will be the hardest 
problem in the systematics of Basidio- 
mycetes. 

The work which I began in Singapore 
(1932), when faced with the problem of 
identifying tropical species, has been 
confirmed by Cunningham in his much 
more extensive studies of Australasian 
species (1946, 1948). At the time, I 
saw that to progress with the polypores 
it would be necessary to study in as much 
detail numerous other groups, and I have 
made various excursions, particularly 
into the Clavariaceae (1950). The few 
descriptive terms that had to be coined 
have also been accepted by Cunningham, 
and I find them to be generally appli- 
cable for their purpose of description, 
but they do not necessarily imply homo- 
logy. I propose, therefore, to use them, 
with one or two modifications begotten 
of experience, in spite of a recent effort 
to discredit this work (1952, pp. 120 et 


seg., pp. 144-149). One point is sure 
that, as Cunningham says, once the 
structure of a polypore is comprehended, 
it can be identified from microscopic 
fragments, 


Monomitic, Dimitic and Trimitic 
Fructifications 


These terms, coined in 1932, are bound 
up with the method of anatomizing 
fungous fruit-bodies. These structures 
are made up of hyphae, which are fila- 
ments of cells growing at their tips by 
the formation of new cells and often 
also by inflation of the cells some time 
after delimitation. Inflation is typical of 
agarics, with their mushroom habit, and 
of agaricoid polypores, such as Favolus, 
but it is practically absent from most 
woody or coriaceous polypores, which, 
therefore, grow slowly with an apical 
growing region to form a stem and a 
peripheral, marginal, growing region to 
form a pileus. This growing region, as 
a whole, is geotropic and, in its early 
stages, usually phototropic, but the in- 
dividual hyphae take devious courses, 
meandering about a mean which is the 
direction of the whole. A thin section, 
therefore, of the tissue will show many 
bits of hyphae and very few, if any, 
whole hyphae. A thin section will show 
also that some of the hyphae may 
assume special features as thickened 
walls and intricate branching, but it 
will not show whether this differentia- 
tion occurs in parts of all the hyphae 
or throughout the course of special hy- 
phae. To decide this, the tissue must 
be teased out with fine needles under 
a dissecting lens, or binocular micro- 
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scope, so that sufficient lengths of hyphae 
can be disentangled and followed over a 
long stretch of their apical growth. When 
this is done — and it is wasting time 
not to do it— two characteristic ele- 
ments of construction are found, namely 
the skeletal and binding hyphae describ- 
ed in my first paper on Polystictus xan- 
thopus (1932a). Typical skeletal hyphae 
are unbranched, thick-walled, common- 
ly aseptate, longitudinal, constructional 
hyphae of the first order in the growing 
region. Typical binding hyphae are much- 
branched, narrow, rarely septate, thick- 
walled hyphae of very intricate and 
limited growth, developing behind the 
growing point. Now, as the margin of 
the pileus grows centrifugally, more 
hyphae must be formed at the margin to 
construct the expanding flesh, but the 
skeletal hyphae do not branch and the 
binding hyphae have limited growth. How 
do new ones arise? There are present 
always in such cases thin-walled, branch- 
ing and septate hyphae which take a 
longitudinal course in the growing region. 
Some of them, or their laterals, become 
transformed into skeletal hyphae, and 
some of their laterals, produced behind 
the growing region, become binding 
hyphae. The thin-walled hyphae usually 
remain thin-walled and are very incons- 
picuous for this reason in the mature 
tissue, or parts of them become thick- 
walled and mistakable for skeletal or 
binding hyphae. Because they produce 
the system of skeletal hyphae, which is 
the framework, and the system of binding 
hyphae, which are the ties, I called them 
the generative hyphae. In some poly- 
pores the three systems are easily recog- 
nized, and such were called tvimitic as 
shown in Fig. 1. In other polypores 
there are only two systems, and they 
were called dimitic. Of these, it is 
necessary now to distinguish two kinds. 
Polypores can be dimitic with skeletal 
hyphae as shown in Fig. 2, and as I 
previously used the term, or they can be 
dimitic with binding hyphae, as I shall 
describe in this paper. It is to this last 
group that Cunningham refers when he 
describes their structure as dimitic with 
skeletal hyphae of the Bovista-type, but 
I consider the Bovista-hyphae to be bind- 
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ing hyphae as I will explain. Finally, 
many polypores have no distinction into 
skeletal and binding hyphae: all the 
hyphae of the fruit-body are identical in 
manner of growth and branching, so that 
they must be called monomitic as shown 
ine biges 32 

The monomitic is the ordinary con- 
struction, but it is often difficult to assess 
because it has the potentialities of the 
others and grades into them. The radiat- 
ing or longitudinal hyphae of the flesh, 
for instance, may be wider and less branch- 
ed than the hyphae which weave between 
them, thus suggesting an incipient tri- 
mitic state. Indeed, narrow, much- 
branched, interweaving hyphae generally 
occur at the junction of the tubes and the 
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Fic. 1 — Diagram of the marginal structure 
of a trimitic polypore, representing a foreshor- 
tened and simplified radial section: binding 
hyphae in black, skeletal hyphae unbranched 
and thick-walled. 


Fic. 2 — Diagram of a dimitic polypore with 
skeletal hyphae. 


flesh, as an expression of the manner of 
outgrowth of the hyphae in the pore-field 
(Corner, 1932a). In this part, too, the 
true binding hyphae are most abundant. 
To be sure, therefore, if there are true 
binding hyphae, the lower layer of the 
flesh must be dissected. As binding 
hyphae have limited growth, the occur- 
rence of many free ends within the flesh 
proves their presence. If free endings 
in the flesh are exceptional, then no 
binding hyphae are differentiated, be- 
cause monomitic hyphae terminate at 
the surfaces of the fruit-body. Un- 
luckily, the lower layer of the flesh is 
always the most difficult to tease apart, 
because of this intricate growth in the 
pore-field; younger tissue toward the 
margin must be studied, or tissue less 


Fic. 3 — Diagram of a monomitic polypore. 


consolidated toward the middle of the 
flesh. Such dissections will also prove 
the presence of skeletal hyphae. As a 
caution, it must be observed that the 
structure of the flesh may differ from that 
of the walls of the tubes, or dissepiments 
as they are called. 

The occurrence of intermediate states 
may be taken a priori to militate against 
this method of description. But one 
must beware of preconceptions. What 
may seem intermediate to us, who are 
not fungusses, need not be intermediate 
in terms of fungus construction. Pterula 
and its allies, among clavarioid fungi, 
appear at first sight to be typically dimitic 
with skeletal hyphae, but on careful 
study it is seen that most of the skeletals 
return after a long period of skeletal 
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growth to the state of generative hyphae 
(Corner, 1950, p. 111). This imperfect 
“ dimity ’ is perfectly characteristic, and 
shows that there are probably many 
steps in the transition from the mono- 
mitic state to the dimitic. Similarly, 


there are many apparent transitions 
among the polypores, as I hope to be 
Means must be found 


able to describe. 


of describing, so that one can recognize, 
these states, and that is why illustrations 
are essential in the first place. It is 
clear that the evolution of the trimitic 
state and the conversion of the dimitic to 
the monomitic — or vice versa, for it is by 
no means clear which is antecedent — has 
occurred polyphyletically in different series 
of the Aphyllophorales or non-agaricoid 


Fic. 4 — Polyporus sulphureus. 


Generative hyphae of the flesh, showing the origin of binding 


hyphae. A, a hyphal tip from the margin. x 1000. 
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basidiomycetes. Peculiarities or deviations 
in detail must be expected. 

For the student, it is better to begin 
with a characteristically trimitic species, 
such as Polystictus versicolor or P. xan- 
thopus, and a characteristically dimitic 
species as Fomes annosus or F. senex, 
before examining the monomitic. The 
plain always needs the elaborate for 
appreciation. Mere thickening of the 
hyphal wall is no proof of the presence 
of skeletal or binding hyphae. The 
monomitic hyphae of Polyporus adustus, 
and many others as Polystictus micro- 
cyclus described in this paper, become 
thick-walled, as I have described for the 
clavarioid genus Lentaria ( 1950, p. 447). 

Now, the alignment of meandering 
hyphae into a synthetic direction and the 
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co ordination of diversely growing hyphae 
into a shapely form are physiological 
problems of the first order as yet un- 
studied. I discussed them in a paper on 
Asterodon (1948), which belongs in the 
xanthochroic series of basidiomycetes. 
The more that the direction and branch- 
ing of the hyphae are studied in the fruit- 
body, the more precise appear the physio- 
logical factors at work, and the more 
erroneous becomes the common expression 
‘composed of interwoven hyphae’. A 
tissue really of this nature implies con- 
crescence without other form-factors and 
indicates degeneration of the fruit-body, 
as in Gasteromycetes and sclerotia, not 
primitiveness. The polypores, with their 
stiffening hyphae and elaborate textile, 
display the form-factors of the fruit-body. 


Fic. 5 — Polyporus sulphureus. 


A thin-walled generative hypha from the base of the pileus 


with abortive binding hyphae (left), and the details of a typical binding hyphae with part of its 


parent cell (right). x 500. 
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Polypores Dimitic with Binding 
Hyphae 


Polyporus sulphureus Fr. ( Figs. 4-7) — 
The growing margin of the pileus is com- 
posed of thin-walled hyphae, 3-5-6 u wide, 
with the subterminal cells 25-70 u. long 
on delimitation. There are no clamp- 
connections. The cells inflate slowly 
until in the mature tissue they are 50- 
350 x 7-20 u. Some of the cells produce 
from the distal end one or two branches 
which grow radially in the margin as 
similar and equivalent hyphae as shown 
in Fig. 4A. Some of the cells remain 
thin-walled, or their walls thicken very 
slightly and slowly. Many cells, however, 
behave very differently. About 300- 
500 u from the margin, they produce 
numerous lobes from all parts of the cell, 
the wall of which soon begins to thicken 
strongly and irregularly ( 1-3 u) as shown 
in Fig. 4. The lobes grow out more or 
less at right angles from the cell into 
narrow aseptate hyphae, 3-5 u wide, 
which lobe themselves in a pseudodi- 
chotomous manner; as they do so, they 
inflate, 5-12 u wide, and become thick- 
walled (Fig. 5). The processes reach 
up to 500 y long, and interweave among 
the longitudinal hyphae so closely as 
to bind them into a felt that is almost 
impossible to dissect. The intercalary 
cells that produce them may be scattered 
along the radiating parent hypha, with 
thin-walled cells between them, or they 
may be in short rows: their contents soon 
vacuolate. The mature tissue thus shows 
a compact mass of wide longitudinal and 
narrow interweaving hyphae as shown 
in Fig. 6. 

The hyphal processes are the Bovista- 
hyphae of Cunningham who has figured 
an identical form for Polyporus porten- 
tosus B. (= P. eucalyptorum Fr.). They 
are, however, inclusions of the flesh, not 
participating in the growing regions, and 
of limited growth, so that I must class 
them with binding hyphae. Indeed, no 
limit can be drawn between these bind- 
ing hyphae and those of Polystictus 
xantho pus. 

In contrast with the flesh, the dissepi- 
ments are monomitic with longitudinal 
hyphae 3-6 u wide (Fig. 7). The hyphal 
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walls are submucilaginous, but many 
intercalary cells become thick-walled as 
in the flesh, though never so inflated, and 
they do not produce binding hyphae: 
at most there are the merest indications 
of such as shown in Fig. 7. This fact 
reveals the strict alignment of growth 
that takes place in the dissepiments. 
Compared with the flesh, the tubes grow 
slowly and are comparatively short. 
They develop late and, thus, are not 
widened by the expanding flesh, as they 
are in P. squamosus. 

The upper surface of the pileus consists, 
initially near the margin, of compact 
hyphal ends more or less perpendicular 
to the surface. They are soon bound up 
by thin-walled hyphae which are both 
laterals of generative hyphae and un- 
thickened tips of binding hyphae, but 
the tissue is not agglutinated into a crust. 
The surface begins, therefore, as the 
trichoderm of Lohwag (1940, p. 406), 
but I am not disposed to employ the terms 
of this author until the structures have 
been worked out developmentally. The 
trichoderm of P. sulphureus is primary, 
derived from the margin of the pileus; 
in other cases it may be a secondary 
outgrowth from appressed superficial 
hyphae, as in P. squamosus. 

The cheesy-felted texture of P. sul- 
phureus is caused by the inflation of the 
generative hyphae, giving the sappiness, 
and the interweaving of the thick-walled 
binding hyphae, which destroy the original 
fibrillar texture. No skeletal hyphae occur. 

Polyporus squamosus Fr. ( Figs. 8, 9) — 
This common species has often been 
studied, but its remarkable structure has 
never been correctly described. It differs 
from P. sulphureus, not merely in having 
clamped hyphae, but in the late origin 
and specialized form of the binding 
hyphae. In their normal course, the 
fruit-bodies are sappy, fleshy and entirely 
monomitic until the well-formed pileus 
is 9-12 cm. in radius, or 12-20 cm. wide. 
The growing hyphae at the margin are 
3-5-5 (—8) u wide, with the subterminal 
cells 30-125 u long on delimitation. The 
cells inflate until 100-600 x 5-18 u, when 
their walls begin to thicken (reaching 
1-15 x thick). At this stage, binding 
hyphae begin to arise from most cells 


Mature hyphae from the flesh near the base of the fruit- 


Polyporus sulphureus. 


Fic. 6 — 


body. x 500. 
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and convert the sappy flesh into a rather 
dry, spongy felt. A cell forms 1-4, 
mostly only 2-3, binding hyphae, of 
which one arises from the distal end of 
the cell and grows forward, one from 
the proximal end of the cell and grows 
backwards, and the others from the 
sides of the cell outwardly. Full-grown 
binding hyphae consist of a stalk 200- 
600 x 5-10 yu, ‘dichotomous’ into two 
tapering whips 100-600 x 1-:5-2:5 u ( 0-7- 
1 u wide at the tip). The walls thicken, 
as in the parent cell, but the, lumen is 
always patent and aseptate. The back- 
ward process is often unbranched, or but 
shortly branched: the lateral processes 
may be twice ‘ dichotomous’, the dicho- 
tomy being false through apparently 
equal development of a true lateral lobe. 
The binding hyphae weave between the 
longitudinally hyphae, which they vastly 
outnumber. Thus the mature flesh con- 


sists mainly of narrow, interwoven hyphae, 
very different in appearance and texture 
from the immature. 

The dissepiments are also dimitic with 
binding hyphae, unlike those of P. sul- 
The pores are delimited early 


phureus. 


and, as the flesh at this stage is expand- 
ing, the pores are enlarged, the dissepi- 
ments are stretched at the base and room 
is made for the outgrowth of binding 
hyphae which does not interfere with the 
geotropic alignment of the hyphae at the 
downgrowing apex of the dissepiment. 
The binding hyphae arise from scattered 
cells and are thus less abundant than in 
the flesh, but 1-4 laterals may arise from 
a cell, as well as the forward and the 
backward processes, and the laterals 
dichotomize 2-3 times. They are narrow, 
with stalks 2-5-4:5 uw wide, and shorter 
than in the flesh, for the forward and 
backward process reach up to 200 y long 
overall, and the laterals to 350 yw long, 
(Fig. 9). The generative hyphae have 
subgelatinous walls, so that the dissepi- 
ments are easily squashed, until toughen- 
ed by the binding hyphae. 

The upper surface of the pileus is 
covered from the very margin by a thin 
watery, subgelatinous, scarcely separable 
pellicle, 100-180 w thick, composed of 
more or less contiguous, uninflated, inter- 
woven and appressed hyphae, 3-6 u wide, 
very much as the construction of the 


Fic. 7 -— Polyporus sulphureus. 
incipient binding processes. x 1000. 


The hymenium and adjaceat trama, the lowest hypha with 


Fic. 8 — Polyporus squamosus. 
( diagrammatic ). 
x 1000. 


pore-field on the underside. Many 
laterals grow into this pellicle, as it is 
stretched by the inflation of the hyphae 
of the flesh, just as they do into the 
dissepiments on the lower side. The 
laterals keep pace with the extension of 
the inner part of the pellicle, rendering 


Generative hyphae of the flesh with their binding hyphae 
A, a cell of a generative hypha developing forward and backward processes. 


it plectenchymatous, but the outer part 
soon dries up, splits and forms the charac- 
teristic brown scales, which are coloured 
mainly through pigmentation of the dead 
hyphal walls, to a lesser extent through 
discoloration of the cell-sap and to a 
granular excretion, Between the scales 
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colourless hyphae grow out perpendicular 
to the surface, reaching 60 x 3-7 u, 
being aseptate or with 1-2 clamped septa. secondary trichoderm, which may be 
In the older tissue, on the stem and at more or less plectenchymatous, and it 
the base of the pileus, these processes blackens through discoloration of the 


become so numerous as to compact the 
surface again into a sort of irregular and 


- Fic. 9 — Polyporus squamosus. Generative hyphae of the dissepiments with their binding 
hyphae, x 500. A, a diagram of a generative hypha with two consecutive thick-walled cells and 
their binding hyphae. B, the tip of a binding hypha, highly magnified. 


162 PHYTOMORPHOLOGY 


hyphal walls more intensively than in 
the light brown scales of the pileus. 

Many cell-details of this species are 
described by Oehm (1933). 

Now, it is worth mentioning that the 
oblong spore and narrowly clavate basidia 
of P. squamosus resemble those of Pleu- 
rotus, in the Agaricaceae, some tropical 
species of which have similar, if less pre- 
cise, binding hyphae. P. squamosus, as 
a favoloid polypore with inflating hyphae 
and early developed pores, is probably 
related with these agaric forms, and has 
only superficial similarity with P. sul- 
phureus. The different details of their 
binding and generative thus 
become significant. 

Polyporus betulinus Fr. (Figs. 10, 11) — 
This common fungus differs from P. 


hyphae 
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squamosus in much the same way that it 
differs from P. sulphureus. That is to 
say, the binding hyphae arise still later 
in the growth of the fruit-body, entirely 
substituting the generative hyphae, and 
are developed singly or in pairs from the 
parent cells and are little branched, if 
at all. From both it differs in the dimitic 
dissepiments with skeletal hyphae. Again, 
these apparently quantitative differences 
are probably qualitative, and express a 
totally different affinity in spite of super- 
ficial similarity. 

The fruit-body has five layers: 

(1) the main mass of the flesh; 

(2) anarrow, distinctly gelatinous layer, 
250-400 u thick, over the dissepiments; 

(3) anarrow, subgelatinous layer, 150-300 
u thick, under the palisade on the pileus; 


Fic. 10 — Polyporus betulinus. 


Sections of developing fruit-bodies, X 4, to show the late 


and simultaneous origin of the tubes; the fourth stage ( upper right ) has no tubes and the flesh is 


still sappy and monomitic. 
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(4) a palisade of hyphal ends, —120 u 
high, on the upper side of the pileus; 

(5) the dissepiments. 

The pores normally do not develop 
until the fruit-body is about 10 cm. in 
radius. Up to this stage, the thick flesh is 
entirely monomitic, softly sappy, watery- 
marbled in section, and quite useless for 
the entomologist. The clamped genera- 
tive hyphae are at first 2:5-3-5 u wide, 
with cells 20-75 u long. They are intri- 
cately interwoven, as shown in Fig. 11E, 
without radial alignment, because the 
margin is a similar mass of interweaving 
hyphae and the descending and hori- 
zontal growth of the pileus is synthetic. 
There are also numerous H-connections 
between the cells. The narrow cells 
inflate until 4-18 u wide and about twice 
to three times their original length. They 
remain thin-walled. Then, when the 
tubes begin to arise as in the fourth stage 
of Fig. 10 (upper right), one or two 
narrow aseptate binding hyphae, 2-5- 
3-5 u wide, grow from the distal ends of 
most cells and worm their way in all 
directions. They become thick-walled; 
the lumen may be almost occluded; and 
they reach some 1500 u. in length before 
tapering into blunt ends, 1-5-2-5 y wide. 
They are not ‘dichotomous’, but they 
may bear one or two irregular, and often 
abortive, branches. Thus, the pulpy 
flesh is converted into the tough material 
used by the entomologist, and at the 
same time nearly all the original genera- 
tive hyphae disintegrate, dry up and 
disappear. A few cells become thick- 
walled and persist in scattered parts of 
the flesh. The mature tissue of very 
finely woven, narrow hyphae gives no 
evidence how it was formed. 

The gelatinous layers on the upper and 
lower sides of the flesh are clearly homo- 
logous as in P. squamosus. They consist 
of 2-4 u wide, clamped, much-branched 
hyphae with gelatinous walls. At the 
margin of the pileus the two layers are 
separated by the narrow zone of non- 
gelatinous hyphal tips, forming the 
meristem proper. Binding hyphae even- 
tually grow into both layers, the 
lower becoming entirely felted as the 
flesh. The upper layer, however, soon 
dries up as in P. squamosus, and 
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allows the palisade to separate as a 
pellicle. 

The upper side of the pileus consists 
of a primary palisade of subclavate hyphal 
ends, —120 x 4-8 u, with walls up to 
1-5 u thick and tapering stalks, 2-3 u wide 
(Fig. 11D). The bases are difficult to 
trace but are always connected with the 
gelatinous hyphae: thus the palisade 
cells are clearly modified apical cells of 
the upper marginal hyphae, deflected so 
as to become perpendicular to the surface; 
they are not the ends of binding hyphae. 
Indeed, they seem homologous with the 
skeletal hyphae formed in the pore-field. 
As the flesh expands, so the palisade 
disrupts; but it is not split into squa- 
mules. Then, as the subgelatinous layer 
dries up and disintegrates with the gene- 
rative hyphae of the flesh, the palisade 
separates as a parchment-like pellicle, 
the cells held together by their thick- 
walled interwoven stalks and, eventually, 
beaten down by the rain. 

The dimitic dissepiments are composed 
of narrow generative hyphae, 2-4 u wide, 
which inflate little, if at all, and thick- 
walled, aseptate and unbranched skeletal 
hyphae, 3-7 u, with scattered ampullae- 
form swellings up to 14 u wide, the walls 
1-2-5 u thick. The generative hyphae 
form the subhymenium and hymenium, 
the skeletals most of the trama. A 
smooth pore-field slowly develops over 
the whole underside of the pileus, com- 
posed of the irregularly excrescent ends 
of both kinds of hypha. When the tissue 
of the pileus is becoming felted, the 
dissepiments develop more or less simul- 
taneously over the whole pore-field, which 
undergoes comparatively little marginal 
extension. Along the lines of the dissepi- 
ments the skeletal hyphae assume fairly 
regular geotropic downgrowth. During 
their slow excrescence in the pore-field, 
they took a tortuous course, maintained 
in their connections with the parent 
generative hyphae in the flesh ( Fig. 11B ). 

Now, why are these thick-walled hyphae 
of the dissepiments skeletal, and those of 
the flesh binding? It is a property of 
skeletal hyphae, inasmuch as they are 
main constructive hyphae, to participate 
in the growing region of the fruit-body. 
Binding hyphae, however, originate in 


Fic. 11 — Polyporus betulinus. 


pileus, resting on the gelatinous layer. 
margin, at the beginning of inflation. 


the tissue behind the growing region, 
as a sort of interstitial secondary thicken- 
ing. Skeletal hyphae are longitudinal, 
binding hyphae interwoven. Structural 


A, a binding hypha of the flesh. 

dissepiment showing its origin from a generative hypha of the flesh, its 
the pore-field, and its geotropic alignment in the dissepiment. 
in the flesh that has become thick-walled and given off a binding hypha. 


E, the monomitic tissue of the fle 
A-C, x 1000; D-E, x 500. 


B, a skeletal hypha of a 
tortuous passage through 
C, a cell of a generative hypha 
D, the palisade on the 
sh, c. 2 mm. from the 


differences generally accompany these 
physiological differences, but in P. betu- 
linus there is practically no structural 
difference. The binding hyphae, developed 
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so late in the flesh of the pileus of this 
species, cannot be called skeletal, for they 
are neither present in the marginal growing 
region nor are they longitudinal. It is 
for this reason that I dissent from 
Cunningham’s interpretation of Bovista- 
hyphae as skeletal. 

The clavate palisade cells of the upper 
side of the pileus are clearly homologous 
with the skeletals of the dissepiments, 
but their growth is limited to that of 


forming a palisade, inasmuch as no pore- 
field develops on the upper side of the 
pileus. 

This species offers a peculiar physio- 
logical problem. The generative hyphae, 
which form the flesh, and, therefore, 
which connect the hymenium with the 
mycelium, disintegrate before the hyme- 
nium is fertile. How are the basidia 
supplied with food and water? The 
‘autolysis ’ explains the relatively short, 


Fic. 12 — Polystictus microcyclus. The growing end of a dissepiment, showing the monomitic 
construction with rapidly thickening hyphal walls. x 1000. 
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one-season life of the fruit-body. It is 
not impossible that all the material from 
which the spores are made is stored in the 
subhymenial hyphae, perhaps, too, in the 
walls of the skeletal and binding hyphae, 
as I showed in Polystictus xanthopus. 
Polyporus portentosus B. ( = P. eucalyf- 
torum Fr.) is clearly related with P. betu- 
linus, but it has binding hyphae like 
those of P. sulphureus, as figured by 
Cunningham (1946, Fig. 10). 
Polystictus microcyclus ( Lév.) Cke.— 


This common brown  ( xanthochroic ) 
tropical species is monomitic without 
clamps. The walls of its hyphae thicken 
rapidly, even before the subterminal 
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cells have been cut off. The hyphae, 
therefore, do not inflate, and they branch 
commonly from the terminal cell without 
relation to the septa. Fig. 12 shows the 
construction of the apex of the short 
dissepiment, and Fig. 13 shows how the 
basidia and setae develop. The cons- 
truction is the same as that which I have 
already figured for Fomes lamaensis, F. 
noxius and Æ. pachyphloeus (Corner, 
1932c ), except that there is no aggluti- 
nation of the hyphae and there are no 
extrahymenial setae. The seta, as usual, is 
the end cell of a hymenial hypha, from 
which basidia are proliferated sympodially. 
Thus, the stalk of the seta comes to be 


Fic. 13 — Polystictus microcyclus. 


Hyphae from the apex of a dissepiment showing the 


origin of setae and basidia; the longitudinal hypha (left) shows branching without septation. 


x 1000. 
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embedded and gives the appearance that 
it has grown up through the subhymenium. 
It can be seen, also, that the basidia 
arise as unilateral outgrowths with diageo- 
tropic direction, diverted from the longitu- 
dinal hyphae, and that they are not 
merely pushed aside at the apex of the 
dissepiment by upgrowth of new medul- 
lary hyphae. 


Summary 


The terms monomitic, dimitic and 
trimitic are explained with diagrams of 
such constructions in the polypore fruit- 
body. Two kinds of dimitic construction 
are distinguished: dimitic with skeletal 
hyphae, and dimitic with binding hyphae. 
The second corresponds with Cunnin- 
gham’s dimitic construction with Bovista- 
hyphae, and it is shown that these are 
binding hyphae of limited growth, not 
skeletal hyphae. 

Polyporus sulphureus, P. squamosus and 
P. betulinus are dimitic with binding 
hyphae in the flesh, but P. sulphureus 
is monomitic in the dissepiments, P. 
squamosus dimitic with binding hyphae, 
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and P. betulinus dimitic with skeletal 
hyphae. In all three, the generative 
hyphae of the fiesh inflate before produc- 
ing the binding hyphae, especially in the 
last two, the fruit-bodies of which are 
entirely monomitic and sappy for a con- 
siderable period of their development. 
The dimitic state is regarded as a parallel 
evolution in all three, which represent 
different lines of affinity convergent at the 
polypore level of hymenial configuration. 

Polystictus microcyclus is monomitic 
with the hyphae quickly becoming thick- 
walled. 

In P. squamosus the binding hyphae 
arise regularly from the parent cells of 
the generative hyphae. A binding hypha 
is directed forward from the anterior end 
of the cell, another backward from the 
posterior end, and one or two sideways 
from the middle of the cell: they are 
pseudodichotomous 1-3 times and taper 
to filiform tips. 

In P. betulinus which forms a gelatinous 
layer on either side of the pileus, the 
original tissue of generative hyphae almost 
completely disappears, to be replaced 
by the secondary tissue of binding hyphae. 
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EMBRYOLOGIE DES SCROFULARIACEES. DEVELOPPEMENT 
DE L’ALBUMEN ET DE L’EMBRYON CHEZ LE 
DIGITALIS FO Oo 1 ia 


PIERRE CRETE 
Faculté de Pharmacie, Université de Paris, France 


Actuellement on tente de plus en plus 
d'établir des systèmes de classification 
phylogénétique basés sur les observations 
embryologiques. Il est des essais qui 
envisagent l’ensemble des Gamopétales 
dont les albumens donnent naissance à 
des formations haustoriales d'une struc- 
ture plus ou moins compliquée et, pense- 
t-on, plus ou moins archaïque (Crété, 
1951). Seuls peuvent-être pratiquement 
utilisés dans ce but les travaux posté- 
rieurs à 1918, année où K. Schnarf a 
clairement défini la nécessité de déter- 
miner très exactement l’origine des haus- 
toriums en suivant pas à pas les premiers 
cloisonnements de l’albumen. Auparavant 
. les embryologistes n'avaient pas cette 
préoccupation; s’il leur arrivait de se 
prononcer sur ce sujet, leurs observations, 
souvent trop fragmentaires, les menaient 
à des conclusions que nous devons tenir 
pour suspectes dans leur ensemble, parce 
que déjà certaines d’entre elles n’ont pas 
résisté à des contrôles ultérieurs. C’est 
pourquoi j'ai repris l'étude du développe- 
ment du Digitalis purpurea L. en dépit 
des renseignements, complets en appa- 
rence, que E. Schmid, après Balicka- 
Iwanowska, nous a fournis dans son 
remarquable travail d’ensemble, paru en 


1906 sur les Scrofulariacées. Pour ce 
savant, le premier cloisonnement de 
l’albumen est transversal et isole une 


cellule chalazienne et une cellule micro- 
pylaire. Chacun de ces éléments prend 
des parois longitudinales se coupant à 
angle droit, si bien que, à la troisième 
génération, l’albumen est constitué par 
deux étages de quatre cellules. Chacune 
des cellules se cloisonne transversalement 
et le tissu comprend, à la quatrième 
génération, quatre étages de quatre cellu- 


168 


les. Les tétrades situées aux extrémités 
micropylaire et chalazienne de l’albumen 
sont à l’origine des haustoriums. L’albu- 
men proprement dit provient de la multi- 
plication des éléments qui constituent les 
deux tétrades intermédiaires. 

Ces résultats ont paru douteux à 
Glisié, quand il a défini, en 1936-37, les 
divers types du développement de l’albu- 
men chez les Scrofulariacées. Hakansson 
venait de décrire, en 1926, selon des don- 
nées modernes, l’origine exacte des for- 
mations haustoriales et de l’albumen 
proprement dit chez le Verbascum Blat- 
taria, le Celsia cretica et le Celsia pontica. 
Dans ces espéces, le tissu de réserve com- 
prend, à un moment, comme chez les 
Digitales, quatre étages de quatre cellules, 
mais la cellule chalazienne, isolée lors du 
premier cloisonnement de l’albumen, don- 
ne naissance au seul haustorium chalazien, 
c'est à dire à une tétrade unique; les trois 
autres tétrades proviennent de la cellule 
micropylaire, sœur de la cellule chala- 
zienne. Glisié estime que, à une simili- 
tude aussi parfaite de formes hexadéca- 
cellulaires, il doit correspondre une même 
ontogénie, qu’une étude nouvelle du 
D. purpurea démontrerait que les diverses 
parties de l’albumen se différencient de 
façon rigoureusement identique chez le 
Verbascum Blattaria, les Celsia et la Digi- 
tale pourprée. Les suppositions du bota- 
niste yougoslave ont été confirmées par 
les recherches que j’ai entreprises sur le 
matériel provenant de l’espèce même que 
Schmid a tout particulièrement étudiée, 


Développement de l’albumen 


On identifie dans le sac embryonnaire, 
à l’époque de la fécondation, le noyau 
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secondaire volumineux, l’oosphère, deux 
synergides et trois antipodes (EE DE 
Les deux premières cellules de l’albumen, 
séparées par une paroi horizontale, se 
divisent longitudinalement, donnant nais- 
sance à deux étages bicellulaires dirigés, 
l’un vers la chalaze, l’autre, vers le micro- 
pyle( Pig? 2). Les éléments de l'étage 
chalazien se distinguent rapidement des 
autres cellules de l’albumen par un 
cytoplasme assez abondant et qui surtout 
fixe les colorants avec intensité. Ils se 
divisent tardivement à l’aide de parois 
longitudinales et donnent naissance à 
Vhaustorium chalazien qui demeure qua- 
dricellulaire ( Figs. 3- 6 et Fig. 8; en 
9 ont été figurés seulement deux noyaux 
sur les quatre que l'étage comprend). 
Les deux éléments qui constituent l'étage 
micropylaire à la seconde génération se 
cloisonnent aussi verticalement ( Figs. 3, 
4), puis les cellules-filles se divisent 
transversalement en donnant naissance 
à deux nouveaux étages quadricellulaires 
(Figs. 5, 6). La tétrade micropylaire 
est à l’origine d’un second haustorium 
dont les cellules s’agrandissent notable- 
ment sans se cloisonner. Le cytoplasme 
y est abondant et il s’y différencie plus 
tard, d’après Schmid, des travées cellu- 
losiques. Les noyaux ont un contour 
irrégulier, manquant parfois de netteté, 
et atteignent des dimensions relativement 
considérables. Les quatre cellules qui se 
situent entre les deux haustoriums sont 
à l’origine de l’albumen proprement dit; 
elles se divisent transversalement d’abord, 
donnant naissance à un albumen qui, 
formations haustoriales comprises, est 
constitué par seize éléments répartis en 
quatre étages. Dans l’albumen figuré 
en 8, deux initiales se sont déjà seg- 
mentées en deux éléments superposés; 
dans une troisième initiale, les deux 
noyaux provenant de la cinèse sont en- 
core rapprochés et la paroi qui les sépare 
est tout juste ébauchée; la FEU 
initiale est encore indivise. 

Pour nous résumer, l’origine des haus- 
toriums et de l’albumen proprement dit 
est identique à celle que Häkansson décrit 
pour les Verbascum et les Celsia et les con- 
clusions de Schmid sont en partie erro- 
nées comme l'avait très bien supposé 
Glisié. 
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Développement de l'embryon 


L’embryon du D. purpurea se rattache, 
comme tous ceux qui ont été étudiés 
auparavant chez les Scrofulariacées, au 
type embryonomique du Capsella Bursa- 
pastoris Moench, qui prend place lui- 
même à côté du type fondamental du 
Myosurus minimus L. (Souèges, 1948). 
Donc il appartient, dans le premier groupe 
embryogénique de la classification pério- 
dique de Souèges, au mégarchétype IV 
que définit la formule: 

ch=tec + co +s 

Autrement dit, la cellule basale du 
proembryon bicellulaire engendre les ini- 
tiales de l’écorce de la racine, la coiffe et 
le suspenseur. 

La première génération est caracté- 
risée par un proembryon à 2 cellules dis- 
posées en deux étages ca et cb; la deux- 
ième génération, par un proembryon à 
4 cellules disposées en une tétrade régu- 
liere en T (Fig. 14), appartenant à la 
variante A, de la série A ( Souèges, 1941 ). 
A la troisième génération, quatre qua- 
drants tirent leur origine des éléments 
de l'étage ca, mais trois éléments seule- 
ment proviennent de la cellule cb ( Fig. 
15 ): la division de la cellule inférieure ct 
de la tétrade ne se réalise en effet qu’au 
stade suivant, celui des octants, où elle 
donne naissance aux éléments superposés 
netm (Fig. 17). La’ cellule d est la 
cellule hypophysaire qui s’individualise 
par une paroi horizontale en verre de 
montre s’appuyant sur les parois laté- 
rales du dermatogéne de l’axe hypo- 
cotylé (Fig. 20). Le suspenseur sensu 
stricto, long et filamenteux, provient avant 
tout de la division des éléments # et n’, 
fils de la cellule inférieure cz de la tétrade. 

Les résultats concordent avec ceux que 
R. Souéges a obtenus en 1921 chez le 
Veronica arvensis L., en 1935 chez le 
Verbascum Blattaria L. et avec les con- 
clusions de mes recherches embryogéni- 
ques sur le Chenostoma fetidum ( Jacq.) 
Benth. (1948), les Nemesia floribunda 
Lehm. et melissefolia Benth. (1950a 
et b), l Alonsoa caulauliata Ruiz et Pav. 
(1950 d) et le Teedia lucida ( Soland.) 
Rud. (1952). Les differences entre es- 
péces sont minimes. Souvent elles portent 
sur l’origine de la cellule hypophysaire 


Fics. 1-22 — Digitalis purpurea L. Développement de l’albumen et de l’'embryon.— De 1 a 
13. Les premiers stades du développement de l’albumen. En 7, schéma d’une graine contenant un 
albumen a 12 cellules ; en 9, région chalazienne et en 10, région micropylaire de la graine figurée en 
11; en 12, région micropylaire de la graine schématisée en 13. ait, assise tégumentaire interne ; 
ns, noyau secondaire ; w, oosphère ; sy, synergide ; an, antipode ; cch, cellule chalazienne et cm, 
cellule micropylaire isolées lors du premier cloisonnement de l’albumen ; étages leur correspondant ; 
he, haustorium chalazien; al, albumen proprement dit ; hm, haustorium micropylaire ; 00, oospore ; 
e, proembryon.— De 14 a 22. Les stades initiaux du développement de l’embryon. m, cellule in- 
termédiaire et ci, cellule inférieure de la tétrade ; g, quadrants; d et f, cellules filles de m À. 
cellule fille de ci ; 1, octants supérieurs ou partie cotylée ; l’ octants inférieurs ou partie hypocoty- 
lee ; de, dermatogéne ; h, hypophyse ; pe, periblème ; pl, plérome G.: 340 pour les figs. 14 a 22; 
260 pour les figs. 1, 2 et 8 ; 210 pour les figs. 3 a 6, 9, 10 et 12 ; 34 pour les figs. 7, 11 et 13. 
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qui se différencie aux dépens de la cellule 
d ou de sa cellule-fille supérieure; parfois 
elles concernent le moment d’appari- 
tion des premiers éléments du dermato- 
gène qui, en principe, s’individualisent 
simultanément dans les deux étages 
d’octants / et /’, plus rarement au niveau 
des octants inférieurs tout d’abord, puis 
des octants supérieurs; dans la partie 
cotylée, les premières parois sont presque 
toujours périclines, mais chez le Teedia 
lucida, elles sont généralement anticlines, 
ce qui entraîne un retard dans l’identi- 
fication du dermatogène à ce niveau. 


Conclusions 


Cette étude embryologique confirme 
l'importance du type Verbascum du déve- 
loppement de l’albumen chez les Scro- 
fulariacées. Il est caractéristique non 
seulement du Verbascum Blattaria, mais 
aussi des Celsia cretica et pontica ( Hakans- 
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son, 1926), du Lyperia violacea ( Crété, 
1949 ), du Teedia lucida ( Crété, 1952 ) et 
du Digitalis purpurea. Il s’y rattache 
également, au titre de types dérivés, les 
albumens de |’ Alonsoa caulauliata ( Crété, 
1950c ), du Chenostoma fetidum ( Crete, 
1948), du Linaria genistaefolia ( Per- 
sidsky, 1934), du Limosella aquatica 
( Svensson, 1928 ) et, peut-être, des Neme- 
sta ( Crété, 1950a et b; 1951 ). 

Les recherches embryogéniques sur la 
Digitale confirment l’homogénéité de la 
famille à ce point de vue (Souèges & 
Crété, 1952). Elles mettent en évidence 
la nécessité de poursuivre des investiga- 
tions sur des genres nouveaux; ainsi 
pourrait-on déterminer quel intérét peu- 
vent présenter, pour les essais de classi- 
fication phylogénétique de la famille des 
Scrofulariacées, les variations constatées 
dans le mode de cloisonnement et la 
vitesse relative d’apparition des parois 
aux différents niveaux du proembryon. 
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NEGLECTED MORPHOLOGY OF THE PALM LEAF 


ARTHUR 
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The morphology of the palm leaf has 
received little attention in recent years, but 
in the period 1845-1925 it was the subject 
of frequent study and discussion ( Arber, 
1922; Deinega, 1898; Eichler, 1885; 
Goebel, 1883, 1884, 1926; Hirmer, 1919; 
Karsten, 1847; de Mirbel, 1843; von Mohl, 
1845; Naumann, 1887; Trécul, 1853; 
Wendland, 1879). Yet one feature of 
gross structure of the leaf — one promi- 
nent in some genera — has been almost 
entirely neglected by taxonomists and in 
recent years completely so by morpho- 
logists. This is the presence in many 
genera of ribbon-like or cord-like bands 
hanging, often in considerable numbers, 
from the crown of leaves ( Fig. 1). These 
bands are parts of the leaf blade, hanging, 
one on each side, from the tips of the 
lowest pinnae. They often are not readi- 
ly seen because those belonging to the 
upper leaves are tangled among the lower 
leaves, and those hanging from the lower, 
older leaves may have been broken off 
by wind and rain; and because in many 
genera they are soon lost. 

In taxonomic literature only one des- 
cription of these structures has been 
found, though search has not been ex- 
tensive. Loomis (1939), describing Astro- 
caryum alatum, writes: ‘On young un- 
expanded leaves the tips of the pinnae on 
each side of the blade are joined or 
protected by a continuous strap-like ele- 


ment which separates from the tips when 
the leaf unfolds and hangs from the apex 
of the basal pinna... one such unbroken 
appendage... is 8 feet 5 inches long and 
about a quarter of an inch wide, the outer 
end suddenly somewhat thickened and 
ending in a sheath-like hook...” This 
is an excellent description of the more 
conspicuous type of these bands. 

In the earlier morphological papers, 
where descriptions of these bands might 
be expected, there is a confused discussion 
of an obscure and little understood 
membrane that was supposed to cover 
parts or all of the very young leaves and 
was variously called ‘pellicule ”, “Haut”, 
“ Hülle’, “coiffe”. Arber (1922) states 
that it has “long been known that the 
lamellae of very young leaves of certain 
palms are connected by a kind of ephe- 
meral membrane —the ‘ Hiille’, ‘ Haut’, 
“coiffe”, or ‘ pellicule’... The limb re- 
sembles a closed fan sheathed in tissue 
paper...” “ This membrane is ruptured 
as the leaf unfolds.”” But in these early 
papers there is no clear description, histo- 
logical or morphological, of this sheath. 
Part of the descriptions apparently refer 
to early stages of the hanging bands, but 
late stages are hardly mentioned. 

That there was long-continuing disagree- 
ment over the development of the palm 
leaf is not surprising, for the ontogeny 
of this leaf is probably the most complex 


in angiosperms. And it must be remem- 
bered that the earlier studies were made 
by dissection and free-hand sectioning, 
and that lenses were poor. Yet much was 
learned in detail as early as the 1840’s. 
In the 1880’s sections of leaf primordia as 
small as 0-5-1 mm. long — even “ serial 
sections ’’— were made and many parts 
of the story of early ontogeny learned as 
completely as is possible today with 
microtome sections. The studies of Nau- 
mann (1887) are remarkable. The dis- 
agreements among the early investigators 
arose in part because not all stages in 


Fic. 1 — Habit of primitive type of 
reins and hook. A, Corypha umbraculi- 
feva, showing several reins and one large 
hook at left of centre. B, Adonidia mer- 
villi, showing several reins, the long slender 
hooks distinguished only with difficulty. 
C, Dictyosperma album, var. aureum, show- 
ing recently unfolded leaf with reins per- 
manently attached to pinna tips except at 
apex, and with hook abscised. ( Details 
of reins and hook of A and B in Fig. 3.) 


development were studied; in part be- 
cause there is great diversity of form in 
palm leaves; and, chiefly, because struc- 
ture was considered from the descriptive, 
not comparative, viewpoint. 
Morphologically the hanging bands are 
marginal strips of the blade which are 


abscised as the leaf unfolds. A strip 
around the entire blade, including the 
apex, is usually cut free except at the base 
on each side where it remains attached to 
the tips of the basal pinnae. At the same 
time the strip is cut into two lateral pieces 
by an oblique transverse division at one 
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side of the apex (Fig. 2). The apex 
forms the enlarged tip of one of the strips 
which is, therefore, a little longer than the 
other. The two strips, hanging from the 
base of the blade, suggest a pair of reins 
and the term reins ( Latin, lora ) is appro- 
priate and is here suggested for the strips 
since no name seems to have been applied 
to them. The apex of the blade, dangling 
from the end of one of the reins suggests 
a fishhook, and may be called the hook 
(Latin, hamus), already so termed by 
Loomis ( 1939 ). 

In their most conspicuous form the reins 
are persistent, green, strap-like or cord- 
like parts of the leaf blade 5-15 mm. wide. 
In some genera, for example, Corypha 
and Adonidia ( Fig. 1, A, B), these persist 
indefinitely as photosynthetic parts of the 
blade. This condition is doubtless primi- 
tive and in the family as a whole is perhaps 
infrequent. In evolutionary modification 
of the leaf, the hook and reins show 
reduction along several lines with loss in 
the highly specialized forms. 
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Fic. 2 — A, diagram showing lines of abscis- 
sion and relation of reins and hook to blade and 
venation of primitive simple leaf. B, diagram- 
matic detail of part of rein and adjacent pinnae 
tips showing course of vascular bundles and lines 
of abscission between pinnae and between 
pinnae and rein. 
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[July 
Materials and Methods 


The study of palm-leaf reins and hook 
involved field observation at close range 
( often with the aid of field glasses ) of the 
growing shoot tips of many species. With 
some genera this must be continued over 
many days. All stages of leaf unfolding 
were watched, the earliest given critical 
attention because in many genera the reins 
are ephemeral. The leaf, unfolding in 
tropical heat, may in a few hours pass 
through the stage in which the reins are 
freed and can be recognized. Reins of 
the cobwebby type may shrivel and be 
torn apart in an hour or two. In species 
where the reins are ephemeral or vestigial, 
observations must be made of several or 
many opening leaves. A good many 
species believed at first to have no reins — 
because of the brief period when the reins 
are present and because in their most 
delicate form they were not recognized 
as reins — were later found to have them. 
Photographs, herbarium specimens and 
sketches were made of the reins and hook 
and of parts of unfolding and young leaves. 
( The taxonomist, collecting palm leaves, 
unfortunately usually collects only a 
mature leaf and his specimens, therefore, 
may lack the reins and hook even though 
the species has prominent reins.) 

Study and collections were first made in 
the Atkins Botanic Garden and in the 
grounds of the Atkins Research Labora- 
tory of Harvard University at Soledad, 
Cienfuégos, Cuba, where about 100 species 
were studied. Other species were studied 
in the U.S. Plant Introduction Garden, 
Coconut Grove, Fla., and in the Botanic 
Garden and Vavra Garden of the Uni- 
versity of California at Los Angeles. Not 
all the trees in these gardens could be 
satisfactorily studied because the terminal 
buds of most palms are inaccessible to 
close study and young trees are usually 
not available. ( Seedlings commonly show 
no reins in the first few years because their 
leaves are simple.) 

As the study progressed, it became 
obvious that a knowledge of the early 
ontogeny of the leaf was necessary for an 
understanding of the morphology of the 
reins. Terminal buds of palm trees, 
especially those grown in botanical gar- 
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dens, are not often available, but through 
the kindness of the directors and superin- 
tendents of the gardens mentioned above, 
buds of 17 genera and 19 species were 
obtained. Native trees of the royal palm 
in woodland of the Atkins Garden supplied 
abundant material. The buds were chief- 
ly from mature plants or those well beyond 
the seedling stage. Seedlings were studied 
in only a few genera. The growing points 
and youngest leaves were killed and fixed 
with several reagents, embedded in para- 
ffn, and sectioned in the usual way. 
Studies were made of all species, 


General Morphology of 
the Palm Leaf 


A survey of the leaves of 50 genera and 
about 200 species of palms shows that the 
presence of the reins and hook is related to 
the development of the compound from 
the simple leaf. The compound leaf of 
the palms is morphologically entirely 
different from that of dicotyledons. In 
the palms, the compound structure is 
formed by the cutting up in ontogeny of a 
simple blade; in the dicotyledons, the 
leaflets develop as lobes from the margin 
of the primordium. 

Although compound leaves characterize 
the palms, a few genera or parts of genera 
and the seedlings of many others have 
simple leaves, and it is generally accepted 
by taxonomists and morphologists that 
_ the simple leaf is primitive for the family. 

Goethe (1815, transl. 1952) probably 
first called attention to the ‘‘ sequence of 
modifications ’’ in leaf form — from simple 
to complex — seen in the ontogeny of 
the palm plant. The compound leaf of 
the palms has been derived from the simple 
leaf by the dissection of the blade into 
leaflets attached to a rachis which re- 
presents the midvein of the simple leaf. 
The number and form of the leaflets are 
controlled by the venation pattern of the 
ancestral simple leaf. And this pattern 
determines also the presence and form 
of the reins and hook. 

The typical simple leaf is elongate with 
a well marked midrib and many lateral 
major veins which run parallel with the 
margin, most of them to the apex where 
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they fuse or end freely ( Fig. 2). Usually 
the lowest veins extend to the apex, 
running close to the margin where they 
form a strongly vascular border enclosing 
the upper veins. In the formation of a 
pinnately compound leaf from this simple 
one, abscission layers cut away marginal 
strips and the apex of the blade, the 
layers running obliquely through the lower 
veins and nearly transversely across the 
upper veins just below the apex ( Fig. 2, 
A). The parts abscised by these layers 
are the reins and hook. The rest of 
the blade, freed from this enclosing 
vascular border and apex, is separated 
into leaflets, each major vein characteris- 
tically forming the midvein of a leaflet 
(Big22.B). 

The reins and hook show great variety, 
in structure, from prominent chlorophylla- 
ceous bands several millimeters broad to 
non-green, delicate, almost cobwebby 
threads, or dry, fibrous strips; in persis- 
tence, from permanence as a photo- 
synthetic part of the leaf to loss as the 
leaf unfolds. Several types, apparently 
representing different lines of specializa- 
tion—which, however, merge into one 
another—can be distinguished (Figs. 
3 4): 

ee band-like reins, with texture 
and persistence like that of the rest of the 
blade, represent the primitive type. Ex- 
amples of this type are seen in Corypha 
umbraculifera, the talipot palm ( Figs. 1, A; 
5), Adonidia merrill (Fig. 1, B) and 
some species of Chrysalidocarpus. Dictyo- 
sperma album, var. aureum (Fig. 1, C) 
shows an even more primitive condition: 
the reins, though clearly distinct, are not 
abscised, but remain attached through all 
or nearly all their length and constitute 
a photosynthetic part of the blade as long 
as the leaf persists. In this palm, the 
hook, also blade-like but laterally flatten- 
ed, is lost early by abscission from the 
reins on both sides of the apex. (In the 
typical form and var. rubrum the similar 
reins are freed more or less completely as 
the blade unfolds.) 

Among the many genera with green, 
band-or cord-like reins there is great varia- 
tion; Roystonea regia, the royal palm, is 
an example from this group. Its reins 
and hook are much reduced. The reins 


Fic. 3 — Various types of reins and hook. A, B, hook and portion of rein, showing relation 


of lines of abscission to vascular bundles. 
abscission surface. 


A, Chrysalidocarpus sp.: 1, oblique; 2, face view of 
B, Adonodia merrilli: 1, lateral; 2, face view. 


C, Corypha umbraculifera. 


1 and 2, tips of a pair of reins: 1, with hook attached, x, marking line of abscission between 1 and 2; 


3, portion of middle of rein showing points of pinna-tip attachment (D). 


D, Copernicea Burretiana, 


vestigial hook and rein tip. E, Livistona chinensis, portion of vestigial rein attached to pinna tips. 


are narrow, green and fragile; the hook 
green and small. They can be found on 
mature trees only with difficulty for they 
are lost very quickly. Young, sheltered 
trees show them best. 

From the primitive type of reins and 
hook one line of specialization leads to the 
non-green, ephemeral, fibre- or thread- 
like type. Among common palms, the 


coconut palm, Cocos nucifera, is a good 
example of this type. This palm must 
be watched closely, if the reins are to be 
seen, because on tall trees they are torn 
away as the leaf unfolds. They should 
be looked for on young, protected trees 
where the leaves can be readily examined. 
The thread-like reins reach extreme re- 
duction in the fishtail palms, where they 
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Fic. 4 — Coccothrinax argentata. Sketches of 
leaf tips showing a “ part-rein”. A, leaf tip 
before unfolding. B, leaf tip beginning to 
unfold, the filamentous tips of the two outermost 
pinnae forming a dry projection on one side. 


are almost cobwebby, with delicate, col- 
lapsing branches which lead to the teeth 
of the pinna-lobes. Unfolding of the leaf 
first ruptures the lesser branches of the 
reins and all parts quickly shrivel and are 
lost. 

Another line of modification and re- 
duction involves almost complete loss of 
vascular and chlorophyllaceous tissues, 
with other histological changes that render 
the reins and hook somewhat translucent. 
A good example is seen in Chrysalido- 
carpus lutescens, a palm commonly culti- 
vated both outdoors and in greenhouses. 
The translucent character is most pro- 
nounced along the margins of the hook 
and reins. In this type, the hook often 
has a strong hump with a narrow band 
extending along the dorsal edge of the 
young, still folded leaf (Fig. 6, A). The 
partially translucent character of the reins 
and hook sets these parts off from the 
folded young pinnae, which, in a lateral 
view, appear as though enclosed by the 
reins and hook (Fig. 6, A). Reins and 
hook of this type are usually lost in 
earliest. stages of leaf unfolding. The 
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reins are very fragile and break transverse- 
ly into several or many pieces, usually as 
the leaf is unfolding. The shedding is 
rapid and easily overlooked. Sometimes 
the reins are freed as continuous pieces of 
considerable length, but they are so brittle 
that they soon break up. The presence 
of this type is detectable at a much 
earlier stage than the other type by the 


Sketches of 
stages in opening of leaf blade drawn with aid of 
field glasses during 12-hour period. A, oblique- 
ventral view before beginning of unfolding, show- 
ing the two broad, flat reins (r) covering the 
ventral side of the blade, the hook (4) and the 


Fic. 5 — Corypha umbraculifera. 


line of separation of rein and hook (s). B, early 
stage of unfolding, ventral view, showing begin- 
ning of abscission of reins and separation of 
rinnae (pf). The rein tips stand erect; the 
lateral pinnae unfolding, the central pinnae still 
tightly folded. C, still later stage, the rein tips 
beginning to fall into hanging position, the pin- 
nae partly unfolded. 


A 


Fic. 6 — A, Chrysalidocarpus sp. 


Lateral view of young leaf blade and petiole tip, showing 
immature blade as if enclosed by reins (n) and their dorsal prolongation (d). 


B, C, Arikuryroba 


sp. B, tip of leaf beginning to unfold, the reins abscised into segments persisting as parts of the 


pinnae; the hook (h) very small with extension along dorsal ridge of folded leaf. 


C, tips of basal 


pinnae, the distal with segments of reins persistent on each; the three proximal held together by 


unbroken part of rein. 


translucent margins of the flattened young 
leaf blade. 

A probably rare type of reins occurs in 
Arenga pinnata, The broad reins, lying 
side by side on the ventral edge of the 
unopened leaf, become sclerotic and die, 
forming a hard, scaly layer that breaks 


d, dorsal ; v, ventral side. 


up into irregular, elongate pieces when the 
leaf unfolds. 

In contrast with shedding of the reins 
by removal of marginal bands, Arikuryroba 
shows a second way in which the pinnae 
are set free as the leaf unfolds. In this 
genus, the reins are cut transversely into 
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small pieces—as many as there are 
pinnae — and the pieces remain as distal 
parts of the pinnae (Fig. 6, B, C). 

The conspicuous, ribbon-like reins of 
Attalea speciosa seem to fall into none of 
the above categories. They are like the 
pinnae in texture, but contrast sharply 
with them in their brown colouration, and, 
though they may persist attached to a 
few of the lower pinnae, are soon lost from 
the rest of the leaf. 

In the palmate-leaved genera, typical 
reins are absent, but vestigial or “ part- 
reins ’’ are present in some species. These 
weak reins are non-green, filamentous and 
ephemeral; they may be overlooked un- 
less early stages of blade-unfolding are 
watched. 

The basis for the difference in reins in 
the two leaf types lies in the morphological 
structure of the leaves. The palmate 
leaf represents the pinnate leaf in tele- 
scoped form. This is clear from compara- 
tive study of leaf-form in mature leaves 
and from the course of development in 
early ontogeny (p. 183). The telescop- 
ing involves the reduction of the rachis 
so that all the pinnae are brought together 
at one point, the end of the petiole ( Fig. 
10). Remnants of the rachis are present 
at the ventral crest (hastula) and the 
dorsal crest, projections on the ventral 
and dorsal sides of the leaf respectively 
BE (p.187). In the.contracted leaf, the 
blade is short and broad rather than long 
and narrow. The palmate leaf may be 
compound, with free pinnae, but com- 
“monly the blade is simple with many 
lobes which are cut apart in ontogeny as 
are the pinnae of the pinnate leaf. The 
lobes are commonly termed “ segments ” 
in taxonomic treatments. They are some- 
times called pinna-tips, but this term is 
undesirable because they are not morpho- 
logically equivalent to the tips of the 
pinnae of most pinnate leaves where the 
apices have been cut off in rein and hook- 
abscission. ve 

With the shortening of the blade in the 
development of the palmate leaf, the 
apex is proportionately closer to the 
petiole, and the marginal veins are much 
shorter. In both types all the major 
veins typically extend to the apex. In 
the dissection of the palmate leaf, the 
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blade is cut up radially — more or less 
deeply — the separations falling between 
the veins. The pinnae or segments so 
formed are of nearly the same length 
(Fig. 10). In the pinnate leaf, the 
margin and apex of the blade, with the 
distal parts of the veins, are abscised. 
The remainder of the blade is divided 
into pinnae, as in the palmate leaf, by 
divisions between the veins, which run 
obliquely outward from the rachis. With 
the reins abscised, the pinnae in this leaf 
also are of about the same length. 

The formation of “ part-reins”” in pal- 
mate genera differs from that of the 
typical reins of pinnate genera: there is 
no abscission of terminal parts of the 
veins (in the marginal strips and apex 
of the blade ); the pinna tips are retained, 
but freed more or less individually by 
disintegration of the tissues about them. 
At the tip of the unopened blade all the 
pinna tips come close together, the outer- 
most — lowest in origin — encircling the 
inner and, as it were, enclosing them. 
When the leaf unfolds and the many 
segment tips become free, the long- 
extended outermost tips stand apart and 
above the other tips ( Fig. 4) and resemble 
delicate, ephemeral reins. Morphologi- 
cally, they are partial or part-reins be- 
cause they consist of only one or two 
(the lowest) veins with surrounding 
tissues, whereas typical reins of pinnate 
leaves contain several veins and the distal 
parts of many others. When separation 
of the tips of the outer segments from one 
another is incomplete, more conspicuous 
part-reins are formed. And when the 
disintegrating tissues are rapidly dried, 
the tips may be held together for some 
time and complete unfolding of the blade 
delayed. 

The ‘“costapalmate’’ palms ( Bailey, 
1933), with leaf blades more or less of 
the palmate form and a shortened, often 
weak, rachis, are transitional between 
typical pinnate and palmate types. The 
reins of these palms may be of the well 
developed green type (Corypha) or may 
be weak part-reins ( Sabal ). 

Experience in observation of many 
genera for the presence of reins and 
hook — especially of part-reins in palmate 
genera — shows that failure to find these 


180 


structures in a given species — even after 
several careful examinations — does not 
necessarily mean that they are not present. 
The most delicate and ephemeral types 
are difficult to find and recognize until 
stages of reduction from the conspicuous 
types have been seen. The study of 
reins at leaf unfolding is complicated in 
many genera by the presence of abundant 
hairs or scurfy scales which may embed 
the reins and conceal them, and the great 
height of many palms is a major obstacle 
to observation. Vestigial reins that are 
hardly recognizable when the leaf opens 
may be distinct in microscopic prepara- 
tions of very young leaves as studies of 
Livistona (Fig. 12, B, C) show, for 
example. 

The reins and hook seem to provide 
good generic characters, Though the 
writer’s experience has been limited, he 
has found genera characterized by a 
single type of reins and hook, with the 
exception of Chrysalidocarpus which has 
two types. 


History of Observations 
of Reins and Hook 


Although these structures have been 
overlooked in the later studies of palm- 
leaf morphology (they were confused in 
part with minor proliferations and with 
layers of hairs and scales ), they were seen 
and figured by some of the earlier investi- 
gators. Mirbel (1843) described the 
young leaf of Phoenix as having “an 
irregular border by which the pinnae are 
united at their tips. After this band is 
absorbed, the pinnae are free.” Von 
Mohl (1845 ) figured the reins in “ Cocos 
flexuosa’ diagrammatically, describing 
them as ‘a cell mass, representing the 
leaf margin, which bound the pinnae 
together”. Trécul (1853) lists several 
genera in which “la point des pinnules 
est fixée 4 un cordon cellulo-fibreux qui 
borde la feuille dans toute sa longeur, et 
que retient quelque temps les foliolles 
uniés après leur expansion”. Eichler 
(1885) called the ‘‘ Haut” a part of the 
blade, with the words: “ upward the folds 
fuse into a continuous layer broken only 
in the middle”. ( The break is doubtless 
the line between the reins on the ventral 
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edge of the folded leaf.) He illustrates 
them clearly in Caryota urens distinguish- 
ing them from the pinnae in a cross-section 
of a young leaf by stippling. Goebel 
(1883) did not understand their nature 
and admitted that he could not determine 
their origin. Later (1884) he called the 
“ Haut’ a secondary product that binds 
the folds together on the ventral side of 
the leaf, yet at the same time “ an or- 
ganized part of the blade”. The pre- 
sence of “ secondary tissue ’’, developed 
“around the folds” after folding had 
occurred ( Goebel’s view ), is obviously a 
superficial explanation for the failure of 
folds brought about by compression of the 
entire leaf (as Goebel believed ) to reach 
the margin of the blade. Yampolsky 
(1922) correctly called the ‘ Haut ” 
“an actual part of the leaf tissue”, 
but did not discuss its function. Goebel’s 
(1926) description of a “Haut” in 
Phoenix reclinata shows that this structure 
is the reins, but he claims that this genus 
is unique in possessing it. He found none 
in Elaeis, Chamaedorea, Cocos, Hovea and 
other genera, and set two students ( pre- 
sumably at Buitenzorg ) to search for the 
Haut. They found none. He, therefore, 
states that a Haut (reins) is “ not pre- 
sent in the great majority of palms, 
though there is one in Phoenix”. Arber 
(1922) did not find reins because she 
studied chiefly seedling leaves in which no 
reins occur. 


Ontogeny of the Palm Leaf 


Several fairly complete studies of the 
early stages of palm-leaf ontogeny were 
made in the middle and later part of the 
19th century. But at that time interest 
centred on the origin of the “ folded ” 
or “ plicate ’’ condition of the blade and 
attention was not given to its basic mor- 
phology. Though the reins were seen by 
some workers and even diagrammatically 
illustrated (von Mohl, 1845; Eichler, 
1885), they were considered part of a 
sheathing skin, the “Haut”. The mis- 
understandings of this and other obscure 
structures played a prominent part in 
the long controversy as to whether the 
folds were formed by a folding or by a 
splitting of the young blade. It was 


Fic. 7 — ( Figs. 2, 3 of Arber) A-E, “ Cocos Romanzoffiana ( Acrocomia); series of transverse 
sections from below upwards through second foliage leaf of seedling; ... C-E, stages in invagi- 


nation.” 
of... first foliage leaf... 


held by some ( Deinega, 1898; Eichler, 
1885; Goebel, 1883, 1884, 1922; Hirmer, 
1919; Karsten, 1847) that the plications 
were formed by folding; by others ( von 
Mohl, 1845; Naumann, 1887; Trécul, 
" 1853; Yampolsky, 1922), that splitting, 
following differential growth, was in- 
volved.t The much later studies of 
Hirmer ( 1919), Arber ( 1922), and Yam- 
 polsky ( 1922) continued the controversy. 
Hirmer claimed that the folds could not 
be formed by splitting because the young 
leaf was surrounded by a membrane which 
was not broken. (The young leaf is not 
so surrounded.) Arber (1922), in a 
study of leaf form and development in 
seedling palms, included a partial synop- 
sis of the opinions and conclusions of the 
earlier students of palm-leaf ontogeny. 
She emphasized differential growth, which 
she called ‘“‘invagination’’, as the im- 
portant element in the development of 
the folds — a method not considered to 
enter the picture since the studies of von 


1: Foran excellent synopsis of this controversy 
(not including the views of Arber, 1922), see 
Yampolsky, 1922 


F-I, “‘ Oveodoxa regia ( Roystonea ); sections through upper part of petiole and limb 
of seedling; ’’ F, “‘ early stage of invagination of petiole.” 


( See text.) 


Mohl (1845) and Trécul (1853). In 
Arber’s words “ the plications originate 
by invagination, or in other words, by 
differential growth, in the course of which 
the outer cell layers develop more rapidly 
than the inner tissues and consequently 
become wrinkled or folded along certain 
lines’’. She referred, however, at least 
in part, to an apparent origin of folds at 
a much later stage of ontogeny, with 
description and figures. She figures series 
of cross-sections through developing leaves 
(her Figs. 2, 3) (the writer’s Fig. 7) to 
show stages in the invagination of a 
petiole — the phyllode of her Phyllode 
Theory —in the formation of the folds 
of the blade. These are not convincing. 
It is apparent from the stage of develop- 
ment shown by the vascular bundles that 
all sections are nearly alike in age. Yet 
they are used to illustrate stages in fold 
invagination from early to late. The 
writer agrees that the earliest stages of 
fold formation are partly by “ invagina- 
tion ” in the sense defined by Arber, but 
he has found in genera, including Roys- 
tonea (‘‘ Oreodoxa’”’ of Arber), that the 
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invaginations begin (Fig. 11) and are 
well established long before vascular 
tissue — even procambium —is evident 
in the blade. “ Invaginations ” appear 
when the leaf primordia are about 1 mm. 
long. Arber’s Figs. 2 and 3, illustrating 
early stages of “ invagination ”’, show 
smaller and shallower lateral lobes and 
larger rachis than do the supposedly 
older stages. But, interpreted in the light 
of the writer’s material, these figures show 
only apparently early stages because the 
sections were cut, as described by Arber, 
at the base of the “limb’ or blade, 
where the small lowest pinnae are some- 
what obliquely or decurrently attached to 
the rachis. 

To ascertain the relation of reins and 
hook in ontogeny to the rest of the blade 
and to test by present-day technique the 
validity of the three views of earlier 
students of leaf-blade development in 
the palms, growing points and leaf onto- 
geny in 17 genera were studied in serial 
microscopic preparations. The shoot 
apices were taken from mature plants or 
those well beyond the seedling stage except 
in a few genera where seedlings were 
used. In Roystonea regia both seedlings 
and older plants were used. Evidence 
obtained from this study indicates that 
in leaf development none of the three 
methods suggested by earlier students is 
wholly responsible for the folded form of 
the blades but that all of them take part 
in its development: the folds originate 
by differential growth associated with 
splitting; they increase in size by growth 
throughout in area and thickness. No 
folding is involved until late stages. The 
early splitting has, in detail, a remarkable 
origin which has been overlooked in all 
studies except those of Naumann and 
Yampolsky. The formation of the charac- 
teristic plications is not by folding of 
the blade, as generally believed, but by 
differential growth and splitting; the only 
true folding — a partial crumpling of the 
already well-developed folds — may occur 
late under compression within the en- 
closing outer leaf sheaths. The separa- 
tion of the blade into pinnae is, at least 
in part and in some genera, by abscission 
layers. The story of development is 
complex. 
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Among earlier studies that of Naumann 
(1887) stands out in its remarkable 
accuracy and completeness. Almost the 
full story of development in both pinnate 
and palmate leaf types is presented; even 
obscure details of the first splitting of the 
blade are described. Naumann’s views 
were fully substantiated by Yampolsky 
(1922). The studies of the writer, made 
in a larger and more representative 
number of genera, further support Nau- 
mann’s description. Apparently the 
latest paper dealing with palm-leaf deve- 
lopment is that of Goebel ( 1926). Goebel 
writes to set straight all earlier workers, 
especially Yampolsky who has pointed 
out Goebel’s errors. He discredits Yam- 
polsky’s study of Elaeis because it was 


ve dc 


Fic. 8 — Stages in early ontogeny of leaf 
types. A, pinnate, Roystonea: B, palmate, based 
in part on Naumann; C, palmate, Chamaerops 
(after Eichler) A, 1-3; B, 1-4, lateral views of 
successive stages. C, 1, 2, oblique lateral views; 
3, 5, median longitudinal sections of stages near 
those of 2 and 4 respectively; 4, ventral view. 
a, apex of rachis; dc, dorsal crest; p, petiole; r, 
rachis; s, primordia of pinnae; sh, sheath; ve, 
ventral crest ( hastula ). 
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made “ with the help of the microtome, 
which is fine, but this method must be 
used cautiously because mere sectioning 
technique is not sufficient for morpho- 
logical interpretations’. But Goebel did 
not see the critical early splitting seen in 
free-hand sections by von Mohl ( 1845), 
Eichler (1885), and Naumann ( 1887), 
and in microtome sections by Yampolsky 
(1922) and the writer. He calls the 
contribution of von Mohl to palm-leaf 
ontogeny “ Jugendarbeit ” and reaffirms 
his earlier conclusions ( 1883, 1884) that 
“the folds result from the development 
of so huge a leaf within the sheath of an 
outer leaf’’. ( The folds are present when 
the huge leaf is 1-2 mm. long.) Microtome 
sections add details of leaf development 
necessary to establish the morphological 
nature of the reins, ventral crest ( hastula, 
ligule ), and dorsal crest (dorsal scale, 
dorsal ridge ), and the phylogenetic rela- 
tionship of the two leaf types. 

The histological structure of the deve- 
loping leaves supports the view obtained 
from external structure that the reins and 
hook are specialized parts of the blade. 
The surprising feature of the development 
of these structures is that the tissues of 
the reins mature rapidly while adjacent 
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parts of the blade—those between reins 
and rachis— are in early meristematic 
stages. In this character the reins and 
hook resemble the stipules of dicots — for 
example, those of Phaseolus — which 
mature while other parts of the leaf are 
still meristematic. 

The pinnate leaf ( based on Roystonea )— 
The leaf is first evident as a crescent- 
shaped ridge but its basal meristem soon 
extends around the shoot apex and the 
leaf primordium becomés cup-shaped with 
an elongate, somewhat curved projection 
where the ridge first appeared. With 
continued development the projection 
becomes spoon-, then hood-shaped ( Fig. 
8). At this stage — usually when the 
leaf is about 1 mm. long — the first evi- 
dence of differentiation of blade and 
rachis appears. In the thin wings of the 
hood — which become the blade — dif- 
ferential growth forms shallow cross- 
furrows alternating with low, flat-topped 
ridges: (Fig. 9, A, B.). Both: ‘outer 
(dorsal) and inner (ventral) surfaces 
are involved and the ridges on one surface 
stand opposite the furrows on the other 
(Figs.9,B;11). The apex, the marginal 
strips of the wings and the midrib 
area remain smooth. The furrowed parts 
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Fic. 9 — Diagrammatic sketches showing position and relationship of leaf parts in primordia 
of the two leaf types. 4, B, pinnate leaf, B showing detail of furrows and ridges of pinnae pri- 
mordia. C, palmate leaf. h, hook; n, rein; p, petiole; 7, rachis; vc, ventral crest ( hastula ). 


S, pinnae primordia. 
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Fic. 10 — Diagrams showing gross structure and relationship of leaf parts in well-developed 


but still folded leaves of the two types. 


become the pinnae; the smooth parts — 
apex, wing margins and midrib — be- 
come, respectively, the hook, reins and 
rachis of the mature leaf. A cross-section 
through the apex shows a solid, triangular, 
or somewhat V-shaped structure ( Fig. 
12, G). This forms the hook of the 
mature leaf. Cross-sections through the 
middle of the hood are V-shaped, with 
the ends of the arms and the apex of the 
V set apart from the furrowed central 
parts of the arms by strong histological 
differences. The smooth-surfaced parts 


A, B, palmate type; C, D, pinnate type; B, D, longitudinal; 
A, C, cross-sections at levels indicated in longitudinal diagrams. 
lobe of rachis; r?, ventral lobe of rachis ( hastula ). 


n, reins; p, petiole; v1, dorsal 


are lightly, the furrowed densely, cyto- 
plasmic. This strong cytoplasmic differ- 
ence was noted in other genera by some 
of the earlier workers and by Yampolsky 
(1922), but its significance was not 
understood. 

Simultaneously with the development 
of the ridges and furrows — which is by 
differential growth — minute  needle- 
shaped openings, formed by separation of 
cells, appear in the centre of each ridge 
(Fig. 11, A). These openings are only 
10-20 x in diameter and when first 
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Fic. 11 — Diagrams of cross-sections of parts 
of leaf-blade primordium showing successive 
stages in origin of ‘‘ folds’’ from which pinnae 
arise. A, earliest stage of differentiation: surfaces 
with flat ridges and shallow furrows alternating 
on opposite sides; acicular slits below each ridge. 
B, somewhat advanced stage: the ridges and 
furrows much the same; the slits extended to the 
furrows opposite them. C, much later stage: the 
blade increased in thickness and in area; pro- 
cambium of midveins of pinnae developed; 
beginnings of abscission-tissue development in 
dorsal ridges, which separates pinnae. d, dorsal; 
p, pinna; v, ventral. ( Based on Roystonea.) 


formed do not extend to the surface of 
the blade but they soon elongate in one 
direction, extending to the furrows oppo- 
site them but not to the tops of the ridges 
at the other end. Rows of these acicular 
slits fuse and split each ridge longi- 
tudinally. In this way a series of very 
low “folds” is formed (Fig. 11, B). 
In view of the long controversy over the 
origin of the folds in the developing palm 
leaf, it should be emphasized that inten- 
sive study of several genera by present- 
day technique shows that the folds arise 
by differential growth associated with a 
complex type of splitting. Of all students 
of palm-leaf ontogeny, only Naumann 
(1887) and Yampolsky (1922) saw this 
clearly, though von Mohl (1845) and 
Trécul ( 1853 ) claimed that splitting was 
involved in the formation of the folds. 
Deinega (1898), Eichler ( 1885), Goebel 
( 1883, 1884, 1926), Karsten (1847) and 
Hirmer (1919) claimed that the plica- 
tions were formed by folding of the blade. 
The supposed existence of an enveloping 
skin, the ‘ Haut’, is used by Hirmer to 
show that there could be no splitting. 
Several of the earlier students thought 
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this structure existed, but no one illus- 
trated it. Arber (1922) correctly said 
that the folds were formed by differential 
growth or “invagination”, but added 
that no splitting was involved. Her 
emphasis was on the later stages of onto- 
geny and she apparently did not see the 
very early splitting of the primordial 
ridges. 

As growth of the leaf primordium 
continues, the folds increase in height 
(area of blade) and in thickness, and 
form the prominent feature of the develop- 
ing leaf. As the leaf continues to grow 
within the sheaths of the outer leaves, 
the folds are tightly compressed and a 
true folding may ensue but this folding 
is in planes different from that of the 
original folds — often nearly at right 
angles with them (Fig. 12, J, K). The 
separation of the blade into pinnae or 
segments occurs in some genera just 
before or at time of unfolding; in others, 
as soon as the folds are established. 
Little is known of the time or the details 
of this separation; in so large and diverse 
a family it may well vary greatly. It is 
commonly described as “ by disorganiza- 
tion ”’, but whether this breakdown is 
associated with separation layers seems 
to be unknown. In genera with the 
primitive type of reins periderm layers 
are present on the broken surfaces of 
reins and hook. : 

In genera with reduplicate pinnae, the 
splitting on the ventral surface separates 
the crests of folds each of which becomes 
a pinna, the crests forming the midribs 
of pinnae. The splitting on the dorsal 
surface, in these genera, separates the 
dorsal surfaces of the pinnae (on the 
two sides of the midrib). The dorsal 
splitting extends only to the midrib 
region; the ventral splitting extends to 
within a short distance of the crest of the 
folds, and is later continued through the 
crest, by disintegration of tissue in the 
final separation of the pinnae. In genera 
with induplicate pinnae the splitting on 
the dorsal surface separates the pinnae, 
that on the ventral surface the halves of 
the individual pinnae. 

Development of the palmate leaf — 
Comparison of the gross external form 
of the mature leaves suggests that the 


Fic, 12 — Sketches of transverse sections of young 
ferent types — reins (R) above, and rachis, when present, below in figure. 
(palmate type ). 


C, near base of blade: ventral crest (hastula ) above, united with dorsal crest (lobe of rachis ) 


below; reins at margins of blade. 


nate type ). 


leaves showing reins and hooks of dif- 
A-C, Livistona chinensis 


A, hook; B, across blade, reins on margin; ventral crest (hastula ) above; 


D-F, Chrysalidocarpus sp. (pinnate type). D, hook; E, just 
below hook, reins not separated: F, below E, reins separate, slender. 
G, hook; H, just below hook, reins well develo 
pinnae primordia are in earliest stages; I, below H; 
older than J, reins separate but appressed. L, Actinorhytis ( 


G-K, Roystonea regia ( pin- 
ped, with tissues maturing while 
J, older than G-I, reins separate; K, 
pinnate type), reins filamentous, 


“7X18 -B,x10; C,x7; D, E,x23; F,x20; G-I, L,x17; J,x13: K, x3. 


palmate has been derived from the pin- 
nate, and this conclusion is fully supported 
by ontogeny and by anatomical compari- 
son of the young leaves. When the 
primordia of the two leaf types are about 
1 mm. long, differences in form are slight: 
each has the same cup shape with the 


margin on one side greatly prolonged 
(Fig. 8). At this stage the median part 
of the prolongation represents the rachis; 
the wings represent the pinnae. As the 
primordia grow, changes in the relative 
position of the rachis and blade areas 
clearly indicate the morphological relation- 
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ship of the palmate to the pinnate leaf. 
In the primordium from which the pinnate 
leaf will develop, the rachis area continues 
to elongate, maintaining its position as a 
dorsal ridge extending to the apex; the 
wings also elongate but remain lateral 
(Fig. 8, A). In the primordium of the 
palmate leaf, the rachis area grows very 
slowly; the blade area ( wings) develops 
rapidly and soon far overtop the rachis 
tip which becomes an insignificant lateral 
appendage of the primordium ( Fig. 8, 
C, 5). As these differences develop, the 
early stages of the folds appear. The 
folds are longitudinal and erect ( Figs. 8, 
C, 4; 9, C) in contrast with those of the 
pinnate leaf, which are obliquely trans- 
verse (Fig. 9, A,B). The obvious stunt- 
ing of the rachis and the pushing aside 
of the apex by the dominant blade pri- 
mordium is evidence that the palmate 
type is advanced. On the mature pal- 
mate leaf a minor dorsal swelling or ridge, 
rarely scale-like, represents the tip of 
the rachis, pushed aside by the terminally 
developing blade. In many genera this 
dorsal crest is not found. ‘Further evi- 
dence that the palmate leaf represents 
the pinnate leaf in condensed form comes 
also from the blade. In the palmate leaf 
maturation begins in the central pinnae 
and progresses laterally; in the pinnate 
leaf maturation of pinnae is basipetal, 
the distal leaflets maturing first. This 
sequence in development indicates that 
the central pinnae of the palmate leaf 
represent the distal pinnae of the pinnate 
‘leaf. The crowding of the pinnae into 
one position on the rachis — a pseudo- 
terminal one — suggests a telescoping of 
the rachis, with extreme reduction or 
loss of the ‘‘internodes’’. The presence 
of the primitive type of reins in the 
pinnate leaf also supports the view that 
the pinnate leaf is the primitive type. 
The nature of the ventral crest ( hastula, 
ligule ) has long remained obscure; no 
well-defined opinion as to the nature of 
this structure seems to have been express- 
ed. But the interpretation of the palmate 
leaf as a telescoped pinnate form pro- 
vides support for the view that the ventral 
crest, like the dorsal crest, is a part of 
the rachis. The interpretation of both 
the ventral and the dorsal crests as part 
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of the rachis introduces still further com- 
plexity into the morphological structure 
of the palm leaf. If both the crests 
of the palmate leaf represent the rachis 
of the pinnate leaf, the rachis is a two- 
lobed structure. And it is such in many 
of the pinnate forms — for example, Roy- 
stonea (Fig. 10, C, D)—where deep 
lateral furrows run along each side of the 
rachis. The pinnae are attached to the 
dorsal lobe in the furrows ( Fig. 10, c-c, 
d-d; D). 

A shortening of this deeply lobed rachis 
would produce a short, two-lobed struc- 
ture, with one lobe, the ventral crest, 
above; and the other, the dorsal crest, 
below?. The crowded pinnae would be 
attached between the two, as if terminally, 
the distal pinnae in the centre. The 
ventral and dorsal crests, with the tissues 
between them, would then represent the 
entire reduced rachis (Fig. 10, A, B). 

Further proof of the nature of the 
ventral crest is seen in ontogeny. This 
crest is first recognizable as a transverse 
ridge on the ventral surface of the rachis, 
when the primordium is 1-2 mm. long 
(Fig. 8, C). At this stage the ridge 
is clearly a part of the rachis. 

The costa-palmate genera (examples, 
Corypha, Sabal, Lodoicea) provide evi- 
dence in support of the telescoping theory. 
In typical pinnate genera there is no 
ventral and no dorsal crest. In typical 
palmate genera both ventral and dorsal 
crests should be present, and this is often 
so, though the dorsal crest may be obscure. 
The dorsal crest may be absent in some 
genera, a not surprising condition when 
the vestigial state of the rachis apex in 
earliest ontogeny is considered. Other 
palmate genera have species in which the 
dorsal crest may be present or absent 
(communication of Dr. H. E. Moore ). 


2. The term ligule for the ventral crest is 
obviously not morphologically suitable since it 
has also been applied to other parts of the palm 
leaf, and it is not equivalent to the ligules of 
other groups. Arber ( 1922 ) suggested that the 
terms dorsal and ventral crests be used for these 
dorsal and ventral ‘‘ excrescences’’. “‘ Hastula ” 
is largely in use today in taxonomic treatments, 
but the writer believes that ventral crest is pre- 
ferable since the use of dorsal and ventral crests 
suggests the relationship of the structures which 
are the dorsal and ventral parts of the condensed 
rachis. 
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Under the telescoping theory, the costa- 
palmate genera should have a ventral 
crest — representing the ventral lobe of 
the two-lobed rachis of the pinnate leaf — 
and a partial rachis—the shortened 
dorsal lobe of the primitive rachis — on 
which the blade is borne. The partial 
rachis should not be two-lobed and there 
should be no dorsal crest. The genera 
with this type of leaf so far examined by 
the writer fulfil these conditions. 


The Palm Leaf and the Phyllode 
Theory 


Arber (1922) saw in palm-leaf onto- 
geny evidence to support her phyllode 
theory of the monocot leaf, though she 
does not point out specifically what that 
evidence is. It seems to the writer that 
the development of this leaf provides 
strong support for the theory. The fact 
that the pinnae and rachis are almost 
literally cut out of a primordium that 
might well represent a petiole is excellent 
evidence. The presence of the reins and 
hook — even more obviously cut out of 
the primitive blade — adds further proof. 
Perhaps the most obvious evidence that 
the palm leaf develops in an extraordinary 
manner is seen in genera with the trans- 
lucent type of reins, where the pinnae 
can be seen “‘ enclosed within the tissues ”’ 
of the developing leaf ( Fig. 6, A). 

Though palm leaves are common in 
the fossil record, there seems to be at 
present no evidence that one type preceded 
the other in geological time. Both pin- 
nate and palmate forms are present in 
Upper Cretaceous rocks, with the palmate 
perhaps more common in later periods 
than the pinnate. The oldest record for 
palm leaves is apparently that of Pro- 
palmophyllum ( Lignier 1907)-from the 
Liassic of France. Little attention has 
been given to this record, perhaps because 
of doubt of the apparent age of the fossils. 
If these are true palm leaves and the 
stratigraphy is correctly determined, they 
represent the oldest known angiosperms. 
The fossils are, in the writer’s opinion, 
undoubtedly palm leaves of the costa-pal- 
mate type, a type advanced over the 
primitive pinnate form. The flora accom- 
panying Propalmophyllum is typically 
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Jurassic — chiefly cycadophytes, with 
cordaites, horsetails and ferns, without 
other angiosperms. 

That the palms are an ancient group, 
well set apart from other angiosperms, 
seem probable. The elaborate method 
of development of the compound leaf, 
peculiar to palms (except for the related 
Cyclanthaceae ), and the remarkable origin 
of the folds of the leaf, suggest early 
separation from angiosperm stock. And 
if the palm leaf represents an elaboration 
of a phyllode, which itself has been 
derived from a blade-bearing leaf — as 
conceived under the Phyllode Theory 
( Arber 1918) — a long period of special- 
ization preceded the compound leaf in 
this family. L. H. Bailey, who has spent 
many years with palms, in field and her- 
barium, calls ( Bailey 1933) the palms 
“an old kind of vegetation in a geological 
sense’’ and the palm leaf “ an archaic 
type”. The palms are obviously set far 
apart from other angiosperms, and when 
the many lines of high specialization within 
the family are considered, have had a very 
long existence as an independent taxon. 

Studies of leaf development in the 
Cyclanthaceae have not been sufficiently 
detailed to show whether the primordial 
leaf folds arise in the same way — by 
splitting — as do those of the palms but 
illustrations of early stages by Micheels 
(1900) and Naumann (1887) show the 
characteristic ridges and folds and there 
can be no question but that this family 
is very closely related to the palms, as 
it is usually believed to be. 


Summary 


A largely neglected feature of gross 
palm-leaf morphology is the presence in 
many pinnate genera of marginal strips 
of blade — here termed ‘ reins ’ — which 
are not involved in the ontogenetic 
cutting-up of the blade into pinnae but 
are abscised, together with the blade 
apex —the ‘hook’—when the leaf 
unfolds. Reins and hook are related to 
the evolutionary derivation of the com- 
pound from the simple palm leaf, Within 
the family, the reins have undergone 
strong reduction along several lines, with 
only vestiges remaining in the palmate 
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genera. The various reduction types of 
these structures are described. The pin- 
nate leaf is the primitive type, the palmate 
advanced, with the costa-palmate transi- 
tional. 

Study of leaf ontogeny in 17 genera 
shows that the characteristic folds of 
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palm leaves arise fundamentally from the 
splitting of the leaf-blade when the pri- 
mordium is about 1-2 mm. long and not 
from folding under compression. The 
palms stand apart from other angiosperms 
in method of leaf development, especially 
that of origin of the compound leaf. 
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A CONTRIBUTION TO THE ANATOMY OF THE SPOROCARP 
OF MARSILEA MINUTA L. WITH A DISCUSSION OF THE 
NATURE OF SPOROCARP IN THE MARSILEACEAE 


V. PURI & M. L. GARG 
Botany Department, Meerut College, Meerut, India 


Introduction 


Referring to the vascular system of the 
axis in ferns, Bower ( 1923, p. 120) wrote, 
“ The vascular system provides the most 
constant structural characters available 
for comparison in land-living plants.” 
Mahabale (1946) has demonstrated the 
usefulness of the anatomical method in 
determining the morphological nature of 
vestigial organs of the vascular crypto- 
gams. Puri ( 1951 ) has recently assessed 
the contribution of floral anatomy to the 
solution of morphological problems and 
he has reached the conclusion that, if used 
judiciously, anatomical studies can be 
of great value to floral morphologists. It 
was, therefore, quite natural to expect 
that anatomy, particularly vascular ana- 
tomy, may yield some useful information 
regarding the morphology of the repro- 
ductive parts of ferns and their allies. 
It was with this view that the present 
work was first started by us. The results 
obtained have proved to be very encourag- 
ing and significant. 


Material and Methods 


The material was collected at Meerut 
in February 1951, and preserved in F.A.A. 
It was run through grades of ethyl alcohol 
and xylol and embedded in paraffin. Some 
that was passed through tertiary butyl al- 
cohol gave better sections. Old sporocarps 
could be cut satisfactorily after they had 
been softened in 40 per cent hydrofluoric 
acid for two to three weeks, The younger 
sporocarps were cut at 8 u and the older 
at 10-12 u. The sections were stained 
with crystal violet and erythrosin and with 
iron-haematoxylin. Both these combina- 


tions gave satisfactory results although 
the former was better for vascular 
anatomy. 

A special clearing technique, suggested 
by Sporne (1948), was also tried. The 
sporocarp was cut open from the middle 
in the dorsiventral plane and immersed 
in lactic acid which was heated in a water 
bath at 100°C. for about half an hour. 
The material thus cleared was mounted 
on a cavity slide and examined under a 
dissecting microscope, 


Observations 


EXTERNAL MORPHOLOGY — Marsilea 
minula is abundant in shallow waters as 
well as on dried banks of ponds and ditches 
in this area. The sporophyte can be 
easily distinguished by the character- 
istically arranged four leaf segments!, 
floating on the surface of water. The 
plant has a creeping, dichotomously 
branched, rhizome with nodes and inter- 
nodes (Fig. 1). As a rule the branches 
are lateral to the leaves (see Figs. 7-9; 
branch trace on right and leaf trace on 
left). From the underside of each node 
several roots arise which branch sparingly 
and fix the plant in soil. Sometimes they 
may arise laterally ( Figs. 2-4; root traces 
are protostelic). The leaves show a 
circinate vernation. The four segments 
are borne on a slender stalk, the rachis, 
often described as petiole, which varies 
in length from 6-15 in. They show a 
definite arrangement. The upper two, 


1. This term is being used here in a purely 
topographical sense. In literature these seg- 
ments are often described as ‘‘ leaflets ’’ but as 
will be seen subsequently it is doubtful if they 
are really so. 
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Fic. 1—Showing habit of Marsilea minuta. 
Approximately x 4/5. 


which form the distal pair, stand notice- 
ably higher than the proximal pair. Each 
segment is wedge-shaped with smooth to 
slightly toothed margins, and shows a 
divergent and closed venation with oblique 
connections at intervals. When young, 
the plant is clothed with numerous un- 
branched, multicellular hairs. 


The sporocarps may occur singly or in 
groups of two or rarely three (Fig. 1). 
In the last case it could not be definitely 
determined whether all the three sporo- 
carps belonged to the same leaf. But when 
two are present, they are invariably found 
to be the result of a branching of the 
peduncle at its very base. Rarely the 
two branches may separate off at a some- 
what higher level (Figs. 25-29). Each 
sporocarp is a hard bean-shaped structure 
with a long slender but tough stalk which 
fuses with the base of the sporocarp to 
form a raphe. In mature sporocarps the 
stalk or peduncle is about three-fourths 
of an inch long. Beyond the raphe there 
are two projections which are generally 
known as the lower and upper teeth. 
While young, the sporocarps are green 
and covered with a thick coating of hairs. 
At maturity, however, the hairs are shed 
and they become black and more or less 
smooth. 

ANATOMY OF THE RACHIS—The rhizome 
shows an amphiphloic-siphonostele with 
both inner and outer endodermis. The 
pith is more or less sclerotic (Fig. 2), and 
the cortex is distinguishable into three 
regions — the outer, with many large air 
spaces; the middle, thick-walled; and the 
inner, thin-walled with lot of starch. 
The rachis arises from the upper side of 
the rhizome. It shows broad cortex which 
like that of the rhizome is easily dis- 
tinguishable into three zones in the lower 
region. The centre is occupied by the 
stele which is more or less triangular in 
cross-section ( Figs. 12, 13). The xylem 
appears in the form of a V, each arm of 
which is composed of one or more large 
tracheids in the middle and a few smaller 
tracheids at either end. The opening of 
the V is always on the adaxial side, that 
is, towards the axis ( Figs. 10-13, stele on 
the left for rachis and that on the right 
for peduncle ). 

ANATOMY OF THE PEDUNCLE — The 
structure of the peduncle is very similar 
to that of the rachis. The single-layered 
epidermis consists of rectangular cells 
which are devoid of cuticle. In the region 
of the raphe a thin brownish film is 
noticeable but this did not give the usual 
cuticular reactions with sudan IV or 
safranin. Next to the epidermis, there is 
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a single-layered hypodermis consisting of 
prominent cells. The outer cortex is 
parenchymatous and has about twenty 
air chambers arranged radially all round 
and separated from one another by uni- 
seriate septa. The middle cortex consists 
of 5-7 layers of thick-walled cells which 
merge into the thin-walled inner cortex 
having abundant starch grains. Higher 
up, however, the inner cortex becomes 
less and less conspicuous and finally in 
the upper region of the peduncle, as in 
the rachis, there are only two regions 
distinguishable, the outer thin-walled 
cortex and the inner thick-walled cortex 
which abuts on the endodermis ( Fig. 38 ). 

VASCULAR SUPPLY OF THE RACHIS AND 
THE PEDUNCLE — In the internodal region 
the stele is usually an unbroken cylinder. 
As the node is approached, a more or less 
major change is effected in the stele partly 
on account of the departure of a leaf trace 
and partly on account of the branching 
of the axis and the giving out of roots. 
As seen in Fig. 5, the leaf trace breaks off 
earlier from one edge of the leaf gap than 
from the other. It becomes almost V- 
shaped ( in transverse section ) even before 
it separates completely from the parent 
stele ( Figs. 4, 5). The two arms of the 
V are, however, not quite equal, the one 
which separates later being somewhat 
longer and more spread out. It is from 
the distal end of this extended arm that 
the sporocarp trace is set off. At first 
this portion of the stele is more or less 
straight (Fig. 5), but very soon it develops 
into another V which, together with the 
first one, forms a W-shaped figure in 
transverse section (Figs. 7, 37). Up 
to this stage all the three steles, those of 
the rachis, rhizome and its branch, are 
enclosed in a common endodermis ( Fig. 7) 
but finally every one of them shows its 
own sheath ( Figs. 8-10). The W-shaped 
compound stele of the rachis and peduncle 
becomes slightly stretched out and then 
breaks up into two Vs, the larger of the 
two forming the supply to the rachis 
(Fig. 9). The two arms of a V may or 
may not be joined on their abaxial ends 
(Fig. 37). So far all the steles occur in 
the same cortex which, therefore, presents 
a markedly lobed appearance. Very soon 
the rachis and the lateral branch separate 
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from the rhizome ( Fig. 10). In Fig. 11 
the peduncle also is being marked off from 
the rachis. A notable feature of the 
bundles of the peduncle and rachis is that 
they are both oriented in the same plane, 
having their concavity towards the parent 
stele, i.e. the adaxial side. Such a rela- 
tion of these bundles is understandable 
only on the assumption that the sporocarp 
bears the same relation to the rachis as does 
aleaflet, for it is only to leaflets that traces 
are given off in such a fashion from one 
end of the stele. Besides, as will be seen 
later, the orientation of these bundles is a 
significant point in determining the direc- 
tion of folding of the fertile segments in 
the formation of a sporocarp. 

When two sporocarps are borne on the 
same peduncle, the mode of departure of 
the vascular trace for the second sporo- 
carp is rather significant. When the trace 
is to be given out, one arm of the xylem 
of the stele of the peduncle becomes 
extended outward. This stretched outer 
part soon forms another V-shaped struc- 
ture (Fig. 25). For some distance the 
two Vs are united together in the form of 
a W ( Fig. 26), much in the same way as 
the peduncle bundle is connected with 
that of the rachis (cf. Fig. 8). The two 
Vs then separate off and constitute two 
separate steles (Figs. 27, 28). Finally 
the peduncle splits into two branches each 
of which ends in a sporocarp ( Fig. 29). 

The only change observable in the 
vascular bundle going through the long 
rachis is the occasional fusion and separa- 
tion of the abaxial ends of the arms of 
the V-shaped xylem. Near the level of 
the leaf segments the two arms become 
extended outward (Figs. 13, 14). Their 
metaxylem elements become smaller and 
thus less conspicuous. Finally the distal 
regions get detached and form separate 
bundles for the two proximal segments 
(Figs. 15, 16). Each of these bundles 
has its xylem on the inner or adaxial side 
and phloem on the outside. It splits up 
into two, four and later into several 
bundles as it enters a segment (Figs. 17- 
22). In the meantime the remaining 
V-shaped xylem also forms two branches 
which divide further and constitute the 
vascular supply of the two segments 
( Figs. 23, 24). 


Fics. 13-24 — Serial transverse sections throu 
of vascular supply for the four vegetative segments 


ANATOMY OF THE SPOROCARP — The 
Structure of the sporocarp was studied 
from vertical longitudinal ( Figs. 41-44), 
vertical transverse ( Figs. 45-48), and 
horizontal ( Figs. 49-53 ) sections. 


The wall of the sporocarp consists of 
three regions, 


24 


gh upper part of rachis, showing divergence 
and their separation from one another. 


The outermost layer is the epidermis 
consisting of cuboidal or columnar cells 
having a thick cuticle-like covering on 
the outside. Here and there they are 
produced into multicellular, uniseriate 
hairs which are up to eight cells in length 
and form a thick coating in younger stages. 
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Fics. 25-29 — Serial transverse sections of 
for another peduncle and its final separation. 
of peduncle trace from stele of rachis. 


The upper part of each hair is clearly 
distinguished from the basal which appears 
yellowish in preparations stained with 
crystal violet and erythrosin. In mature 
sporocarps the former is shed and only 
the basal cell persists. A study of the 
development shows that some of the 
epidermal cells become differentiated by 
having densely staining cytoplasm and a 
prominent nucleus in the centre. These 
cells divide periclinally into an upper and 
a lower cell ( Fig. 30). The upper cell 
swells and projects beyond the level of the 
epidermal cells ( Fig. 31). By repeated 
periclinal divisions it gives rise to a hair 
which is 6-8 cells in length ( Fig. 32). 

The stomata are scattered all over and 
are deeply sunken below the surface. As 
usual, there are two guard cells ( Fig. 35 ) 
and a large substomatal chamber which 
goes down to a depth of about 50-70 u 
( Fig. 33). In tangential sections of the 
wall of the sporocarp, the substomatal 
chamber looks like a duct with a promi- 
nent epithelial lining ( Fig. 36) which is 
really formed by the palisade cells sur- 
rounding the chamber. 

The development of a stoma takes place 
from a single superficial cell, having a 
prominent nucleus with one or two 
nucleoli and dense cytoplasm. This cell 
divides anticlinally into two cells which 
enlarge in size and then separate to form 


peduncle, showing divergence of vascular supply 
Note the similarity between this and divergence 


the thick-walled guard cells. The deep 
pit into which the stoma is situated is 
lined by a brownish or blackish substance 
that resembles cuticle. 

The epidermis is followed by a remark- 
able layer of much-elongated columnar 
cells, the first palisade layer, which is 
continuous all round the sporocarp { Fig. 
34). As the nuclei of these cells lie in 
the middle, they form a characteristic and 
distinctive band all round. In a young 
and green sporocarp this layer contains 
numerous chloroplasts but at maturity 
its wall becomes considerably thickened 
and exercises a protective function. Like 
Tournay (1951)? who has devoted con- 
siderable attention to the subject, we too 
failed to confirm Johnson and Chrysler’s 
(1938) finding that “near the middle 
of the cells the thickening is especially 
pronounced, taking the form of a con- 
striction which almost divides each cell 
into an inner and outer half”. In the 
region of the raphe, where the stalk meets 
the sporocarp obliquely, the cells of this 
layer become considerably elongated. 

Internally there is a second layer of 
palisade cells which are rather variable in 
their radial extent and are much vacuo- 
lated ( Fig. 34). At maturity the walls 


2. We are thankful to Prof. P. Maheshwari 
for drawing our attention to this paper. 
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Fics. 30-39 — Figs. 30-32. Development and structure of epidermal hair of sporocarp; 
the basal cell is not visible in Fig. 32. Fig. 33. Structure of wall of sporocarp, showing epidermis 
and first and second palisade layers. Fig. 34. Stoma in surface view. Fig. 35. Guard cells and 
surrounding epidermal cells in a tangential view. Fig. 36. Portion of sporocarp wall in tangential 
section. The two cavities in the lower region are substomatal chambers surrounded by epithe- 
lium-like palisade cells. The larger cells in the upper region are epidermal cells. Fig. 37. Xylem 
of the peduncle stele (on right ) separating from V-shaped xylem of rachis stele at the level of 
Fig. 7. Protoxylem is most prominent at the ends. Fig. 38. Portion of t.s. of peduncle at a 
higher level where the inner thin-walled cortex is replaced by thick-walled cortex. Xylem is 
V-shaped. Fig. 39. T.S. of main bundle within sporocarp. The xylem is shaped like an open V 
with concavity on the inner (adaxial ) side. 
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of these cells also become thickened like 
those of the outer. The inner layer is, 
however, not continuous all round the 
sporocarp. As in Regnellidium ( Johnson 
& Chrysler, 1938), it is missing on the 
side of the raphe ( Fig. 40). 

The second palisade layer is followed by 
a parenchymatous region, two, three or 
more cells in thickness. Each cell has 
a prominent nucleus and much vacuo- 
lated appearance. Near the raphe the 
cells of this zone are small and greatly 
compressed. It is these cells which later 
gelatinize and bring about the opening of 
the sporocarp. A similar mucilaginous 
tissue is also formed in the region of the 
upper tooth from the cells occurring 
next to the outer palisade layer. To 
begin with these cells are small with 
prominent nuclei and dense cytoplasm. 
They divide actively for a time but 
eventually the outer ones stop dividing 
and enlarge slightly. The inner cells 
continue to divide and produce a loose 
thin-walled tissue which readily gelatin- 
izes on absorption of water. 

In the interior of the sporocarp there 
are about seven vertical sori which extend 
to approximately two-thirds of its entire 
breadth. Each sorus consists of a recep- 
tacular ridge with the short-stalked mega- 
sporangia at the tip and the long-stalked 
microsporangia on the sides ( Figs. 43, 
44, 53). It is surrounded by a delicate 
two-layered indusium. 

VASCULAR SUPPLY OF THE SPOROCARP— 
In the raphe the vascular bundle runs more 
or less directly upwards. In the region 
of the lower tooth it negotiates a sharp 
bend which appears to have been pro- 
duced as a result of much compression. 
In certain species, according to Eames 
(1936), two weak or vestigial strands 
pass into the lower tooth. These have 
been interpreted as representing the 
vascular stubs of two lower leaflets which 
are believed to have been reduced to a 
mere tooth. No such distinct traces 
could be observed in our material. After 
the sharp bend the bundle begins to tra- 
verse almost horizontally in the upper 
region of the sporocarp (Fig. 40). In 
transverse section its xylem is still V- 
shaped with the concavity on the inner or 
adaxial side facing the rhizome ( Fig. 39). 


This is so not only at the points where 
commissural bundles are given out, but 
also in the intervening regions. The 
xylem elements in each arm are rather 
small but as usual the protoxylem appears 
to be situated at the ends as well as on the 
inner side (Fig. 39). The phloem is 
poorly developed and can be distinguished 
only here and there. However, sur- 
rounding the whole bundle is the endo- 
dermis composed of prominent barrel- 
shaped cells. Towards the apex or distal 
end of the sporocarp, immediately after, 
or rarely before, giving off the last fertile 
commissural the main bundle divides 
into two branches which run right and left, 
one for each valve of the sporocarp 
( Fig. 40). According to Johnson ( 1898a ) 
in M. quadrifolia this division takes place 
“just beyond the origin of the lateral 
bundles of the last pair of sori”’. Recently 
Tournay (1951) has also reported the 
same condition in M. hirsuta. But Eames’s 
(1936) Fig. 135B for M. quadrifolia 
shows it to be taking place much earlier. 
As will be seen later, this point of forking 
of the main bundle has some morpho- 
logical significance. 

On either side, the main bundle and its 
two branches give off a series of bundles 
roughly corresponding in number and 
position to the sori on that side. As a 
rule, there are a few more bundles than 
the number of sori, for some of them are 
sterile. In the species under investiga- 
tion each series consists of about ten 
bundles which for the sake of convenience 
of description are described here as com- 
missural or lateral bundles (Fig. 40). 
With the exception of the first and the last 
two bundles of the series which are 
sterile all the rest behave alike. Every 
one of them curves down in the wall of the 
sporocarp and after traversing some 
distance split into three branches. It 
must be noted that all the commissural 
bundles split at about the same level. 
The two outer bundles continue the 
downward course in the wall of the 
sporocarp, diverging as they go. In the 
lower region they fuse with the adjacent 
branches of the other commissural bundles 
and thus form a “closed” venation 
very much like that of sterile segments 
( Fig. 40). 
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The third bundle, produced as a result 
of branching of the commissural bundle, 
proceeds inward at right angles to the 
course of the parent bundle. On reaching 
the placental ridge it bends downward to 
supply the main body of the ridge. Before 
doing so, however, it gives off a small 
branch which goes upward in the opposite 
direction to supply the upper portion of 
the placental ridge ( Fig. 40). The pla- 
cental bundle originating in about the 
same way has been observed in Regnel- 
idium but here it enters the placental 
ridge directly through its upper end ( the 
placental ridge is much shorter here ) and 
continues down along its whole length 
( Johnson & Chrysler, 1938 ). 

As pointed out earlier, the behaviour 
of the first and the last commissural 
bundles is slightly different, there being no 
placental ridges corresponding to them. 
The first divides into two soon after its 
divergence from the main bundle. The 
branch adjacent to the raphe again forks. 


There is no placental bundle given out. 


from the point of its forking. The other 
branch behaves like an ordinary com- 
missural bundle. In the lower region of 
the sporocarp the two branches of the 
first commissural bundle fuse with the 
adjacent branch of the second. The last 
commissural bundles also behave more or 
less similarly ( Fig. 40). 


Discussion 


HOMOLOGIES OF THE SPOROCARP — The 
morphological nature of the sporocarp in 
the Marsileaceae has long remained con- 
troversial. Various views have been held 
on this question from time to time, but 
10ne of them, at least in the present form, 
seems to stand a critical examination. 
While it is generally agreed that the sporo- 
arp is a foliar structure, opinion is sharply 
livided as to the number, form and nature 
»f the segments entering into its composi- 
ion. A critical analysis of the different 


199 


views seems to be called for at this stage 
before we offer our own interpretation. 

Petiolar Inter pretation— Johnson (1898a, 
b), who devoted so much attention 
to this group, was perhaps the only 
important critic of the laminar inter- 
pretation of the sporocarp. He believed 
it to be equivalent to a petiole. During 
the course of his detailed and exhaustive 
study of the development of the leaf and 
sporocarp in Marsilea quadrifolia ( John- 
son, 1898a) and Pilularia ( Johnson, 
1898b ), he observed that the sporocarp, 
like the leaf, originates from a single apical 
cell situated on the side of a leaf primor- 
dium. The lamina of a leaf segment, on 
the other hand, was seen to arise from a 
group of marginal cells. This difference 
in the modes of development of leaf and 
its lamina led Johnson to discard the 
earlier view that the sporocarp is homo- 
logous to a leaf segment. Further, he 
observed that “ the sporocarp makes its 
appearance when the young fertile leaf 
consists of about six or seven pairs of 
segments, and thus long before the ap- 
pearance of the lamina ”’ ( Johnson, 1898a, 
p. 128). It was perhaps on the basis of 
this that Johnson suggested, though not 
without some hesitation, that “ the sporo- 
carp of Marsilea is homologous with the 
petiole only of the sterile branch of the 
leaf’’. He considered “the capsule as 
the swollen end of a petiole in which the 
marginal cells are devoted to the forma- 
tion of the sporangia instead of a lamina ”’ 
( Johnson, 1898a, p. 141 ). 

This view has already been subjected 
to adverse criticism (see Goebel, 1905; 
Pande, 19233). Goebel, for instance, has 
rightly asserted that the sporocarp cannot 
ordinarily be equated with any differen- 
tiated part of the leaf. If at all, it can 
only be compared with “ a leaf primordium 
on which the differentiation of the lamina 


3. We are thankful to Mr. S. R. Sud of Agra 
College for bringing this paper to our notice. 


Fics. 40-53 — Vascular supply of sporocarp. Fig. 40. Semi-diagrammatic representation of 


ascular supply of one-half of sporocarp as seen from inside. : 
Figs. 42-44. Vertical longitudinal sections of sporocarp in 
Vertical transverse sections of sporocarp in plane shown 
Horizontal sections in plane shown in Fig. 49. 


1 the course of the main bundle. 
lane shown in Fig. 41. Figs. 46-48. 
n Fig. 45. Figs. 50-53. 


Lower tooth has corresponding bulge 
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has not yet begun...’’. Regarding the 
differences in the modes of origin of the 
lamina and the sporocarp Goebel ( 1905, 
p. 480) says: “I must not, however, 
attach much weight to this difference. 
We have already seen that the arrange- 
ment of cells at the apex of the leaf in 
ferns has a connection with the configura- 
tion which will be reached; we need not 
therefore wonder that the sporocarps 
which will develop into greatly elongated 
bodies show a cell arrangement different 
from that of the flat leaflets.”” Further, 
as Johnson ( 1898a ) himself pointed out, 
there is a significant distinction between 
the mode of development of the central 
bundle in the leaf rachis and in the 
peduncle of the sporocarp. 

In his subsequent writings, however, 
Johnson ( 1933a, b ) is quite silent on this 
petiolar interpretation of the sporocarp, 
and it seems he had realized the weakness 
of his argument. He concludes in his last 
paper ( Johnson, 1933b, p. 562 ): “ Though 
the sporocarp may ultimately be shown 
to be a fertile pinna, the writer can see no 
evidence from these facts of development 
for so regarding it.” In a still later paper 
completed after his death ( Johnson & 
Chrysler, 1938), Chrysler has concluded 
that the sporocarp of Regnellidium is 
homologous with the “ sterile leaf’’ and 
as such is composed of two leaflets. 

Laminar Interpretation — This being the 
fate of Johnson’s petiolar interpretation, 
the laminar theory of the nature of the 
sporocarp became almost universally 
accepted. The present study lends fur- 
ther support to it. It will be recalled 
that the peduncle trace in Marsilea 
minuta, as in Regnellidium ( Johnson & 
Chrysler, 1938 ), arises from one end of the 
rachis stele ( Figs. 6, 37). Only laminar 
or leaflet traces are known to arise in this 
way. Naturally, therefore, the sporocarp 
must be regarded as equivalent to a leaf 
segment. Attention may, however, be 
drawn here to the fact that the sporocarp 
trace arises from the very base of the 
rachis stele. In fact it may become 
noticeable even before the rachis trace 
separates off from the parent stele ( Fig. 5). 
Such a situation may lead some to doubt 
if the sporocarp really stands in the same 
relation to the rachis as a leaflet. It may 
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as well lead to the conclusion that it | 


represents a complete leaf in itself. How- 
ever, a consideration of the condition in 
Marsilea polycarpa, where sporocarp traces 
arise for quite a distance up the rachis 
( Allison, 1911), rules out any such view. 

All other authors consider the sporocarp 
as laminar, but they differ in details. 


Bower ( 1926 ) has drawn up a detailed 
comparison between the Marsileaceae and | 


the Schizaeaceae. He especially mentions 
Schizaea rupestris in connection with the 
nature of the sporocarp of Marsilea. In 
this simplest member of the Schizaeaceae 


the sterile leaf is flattened but simple, as 


in Pilularia. 
slender, spreading, serrated pinnules on 
each side which are reflexed so that their 
lower surface to which the originally mar- 
ginal sporangia are directed, faces inwards. 


The fertile leaf bears 6-10 ! 


On the basis of this observation Bower — 


“e 


postulates that ‘ Lateral fusion of such 
pinnae would give rise to a body similar 
to that of Marsilea sporocarp but oriented 
on opposite side of the leaf, i.e. abaxially ”. 
He further assumes: “ If, however, two 
similar series of pinnules were flexed 


adaxially instead of abaxially, with the : 


same alternation, and the same marginal 
origin of the sporangia, but inclined now 
to the upper ( adaxial ) surface, and fused 
laterally, they would give the structure 
of the Marsilea sporocarp.’’ He thus 
considers the sporocarp of Marsilea as 
the equivalent of a single leaflet bearing 
two rows of fertile pinnules on either side 
(cf. Fig54); 

This is indeed a commendable inter- 
pretation and, as will be seen subsequently, 
it was conceived of much earlier but not so 
clearly. The interesting series of dia- 
grams of Schizaea rupestris given by Bower 


(1926) make it appear as a convincing | 


hypothesis. But it is surprising as to how 


such a careful observer as Bower could | 


overlook one very important point and 
that is the location of the sorus along the 
midrib of the fertile pinnule. He hasshown 
very clearly that in Schizaea the sporangia 
which originate marginally slide over the 
dorsal side and come to lie on either side 
of the midrib bundle (Fig. 54). They will 
ever remain lateral organs. In Marsilea 
the condition is quite different. 
sorus occurs along, or to be more exact, 


Here the: 


Fics. 54-59 — Fig. 54. T.S. of enfolding pinnules of a fertile leaflet of Schizaea rupestris 


after Bower, 1926). Figs. 55, 56. 


Eames’s interpretation of the morphology of sporocarp, 


Densely dotted regions represent outgrowths from the shoulders of fertile margins ( after Eames. 


1936). Fig. 57. 


tames, 1936). Figs. 58, 59. 


n the plane of the commissural or the 
nidrib bundle of the pinnule ( Figs. 40, 
16, 47). It will be too far-fetched to 
issume that the entire marginal placentae 
rom either side slide towards the midrib 
ind finally fuse to form a median sorus. 
Ve have absolutely no support for such 
. hypothesis and anatomy is definitely 
igainst it, for if the sori are marginal in 
his sense they should have obtained 
heir vascular supply from the intersoral 
yundles rather than from the commissurals, 
3ower’s interpretation in its present form, 


Eames’s conception of primitive leaf of Marsilea of the quadrifolia type ( after 
Smith’s conception of nature of sporocarp ( after Smith, 1938 ). 


therefore, is untenable, so far as it 
ignores the location of the sorus in the 
sporocarp. 

Goebel (1905, 1930) also regards the 
sporocarp of Marsilea as composed of a 
single leaflet. He too recognizes the simi- 
larities between the sporocarp of Marsilea 
and the fertile segment of Schizaea, but 
does not seem to believe in any enfold- 
ing process, for he thinks that the upper 
side of this sporocarp-forming segment 
is extremely narrow as compared to 
the lower side so much so that it is 
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“represented essentially only by the indus- 
ium ”’. The sorus and the soral canal get 
buried, so to say, from outside. Hence, 
according to him, the effect of enfolding is 
achieved through unequal growth of the 
lower and upper surfaces. 

Campbell ( 1893, 1928 ) was perhaps the 
first to emphasize close affinities between 
the Marsileaceae and Schizaeaceae. He 
also recognized an extraordinary degree of 
resemblance between a section of a young 
sporocarp of Marsilea and the fertile 
segment of Schizaea ( see Campbell, 1928, 
pp. 435-436 ), but compared the sporocarp 
with the fertile segment of Anemia. He 
did not say anything as to the homologies 
of the Marsilea sporocarp, but regarding 
Pilularia, which he studied in detail, he 
considers that it consists of four leaflets, 
each enclosing a cavity (Campbell, 1893, 
1928). The occurrence of four promi- 
nences on the so-called apex of the young 
capsule and its splitting into four valves 
have been interpreted as supporting 
evidences for such a view. More recently, 
Campbell (1940, p. 426) has maintained 
that position and writes as follows about 
the sporocarp of Pilularia: “ It soon as- 
sumes a nearly globular form, and at the 
apex four small prominences appear, 
which may be interpreted as leaflets.”’ 
According to Eames ( 1936), on the other 
hand, these projections “ are not... re- 
lated to the fundamental nature of the 
sporocarp but to the soral pits ’”’. 

What has been said above regarding 
Bower's views applies equally well to those 
of Goebel and Campbell. None of them 
explains satisfactorily the location of the 
sorus in the plane of the commissural 
bundle. 

According to Eames (1936), the rela- 
tion of the sporocarp to the leaf as shown 
by anatomical and developmental studies 
is that of a lateral segment. He holds 
that “the sporocarp is morphologically 
comparable to the tip of the leaf with 
its four leaflets and that the body of the 
capsule represents the two distal leaf- 
lets”, the two proximal ones being re- 
presented by the lower tooth. He con- 
siders that “anatomy provides the strong- 
est evidence for this theory in the course 
of the chief vascular bundles”. The 
closure of the sporocarp is believed to have 
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been brought about by the fusion of two 
wings or flanges developed as outgrowths 
from the shoulders of fertile segments 
during the process of folding. According 
to him, therefore, the ventral section of the 


wall of the sporocarp is not the margin | 
of the blade but merely outgrowths from | 


its surface ( Figs. 55, 56). 
Discussing the fundamental form of the 


frond, Eames remarks: “ The distal parts , 


of the blade have been retained in a re- 
duction due to water, those of the leaf 
apex being vegetative, those of the pinnae 
fertile. The modification of a typical 


pinnate frond would produce the leaf type 


of species with a solitary sporocarp if all 
pinnae were lost but the lowest on one 
side’. Fig. 57 illustrates his interpreta- 
tion as applied to the quadrifolia type of 
frond. 


Such a hypothesis explains more satis- _ 


factorily than others the terminal dicho- 
tomy of the main bundle of the sporocarp, 
but it unnecessarily complicates other 
features. We are particularly skeptical 
about two points. In the first place, we 
are unable to see how the sori, which were 


“definitely marginal ’’ and consequently : 


horizontal (along the margin) to begin 
with, have come to assume a vertical 
orientation ( at right angles to the margin ) 
during the folding in of the fertile 
“leaflets ’’ and how they have multiplied 
in number. Secondly, his mechanism of 
closing in of the fertile segments is not 
supported by any facts, which rather 
seem to go against it. The dichotomous 
branching and the tying up of the branches 
towards the ventral edge of the sporocarp 
are clearly reminiscent of the behaviour of 
such bundles in the marginal region of the 


sterile segments, whereas Eames regards 


that region as formed of outgrowths from 
the shoulders of margins which themselves 
have turned inward ( Fig. 56). 

Smith (1938) is inclined to interpret 
the sporocarp in term of a modified pinna 
having a single midrib bundle and 15-20 
lateral veins on either side ( Marsilea 
vestita). Young sporangia develop on a 
linear receptacle at the point of forking 
of each lateral vein. This development 
of a sporangium, therefore, is believed 
to be dorsal and not marginal. 
reason he relates the Marsileaceae to the 


For this: 
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Cyatheaceae where also the sori are super- 
ficial. 

Smith’s interpretation (Figs. 58, 59) 
no doubt offers a satisfactory explanation 
of the location of the sorus. But it must 
be realized at the same time that it ignores 
completely the painstaking and highly 
significant researches of Johnson ( 1898a, 
b; 1933a, b), Goebel (1882, 1930) and 
Johnson and Chrysler (1938) whereby it 
is shown beyond any reasonable doubt 
that the sporangia of the Marsileaceae 
always originate marginally. 

From this brief review it is evident that 
none of the existing hypotheses meets the 
situation satisfactorily. We believe that 
there are three features in the anatomy of 
the sporocarp, which are highly significant 
from the point of view of its morpho- 
logical nature. Although not new, their 
importance has probably failed to be 
realized so far. These are: (1) the peculiar 
behaviour of the commissural bundles and 
their branches; (2) the location of the 
sorus in the plane of the commissural 
bundle ; (3) the occurrence of two vas- 
cular bundles in each intersoral region. 

As is well known, each commissural 
bundle, which alternates with that of the 
other side, branches into two about half- 
way down the body of the sporocarp. 
Just from the point of this splitting one 
bundle passes inward at right angles to 
the course of the outer bundles. After a 
short course this again splits into two 
branches which traverse up and down in 
opposite directions in the placental ridge 
that occurs in the plane of the commissural 
bundle outside. In the lower region each 
of the outer branches gets tied up with the 
adjacent branch of the adjoining commis- 
sural bundle much in the same way as do 
the veins in the margin of the sterile seg- 
ments. 

The sorus is situated in the plane of the 
commissural bundle. And if this is the 
midrib bundle of the pinnule of the fertile 
leaflet (cf. Bower, 1926), the sorus, will 
be situated along the midrib, a position 
which has not been appreciated by Camp- 
bell (1940), Bower (1926) or Goebel 
£1930). 

Another constant feature that must be 
considered is the occurrence of two vas- 
cular bundles in every intersoral region. 
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Further, the placental bundle is derived 
directly from the commissural bundle and 
is in no way connected to the intersoral 
bundles. No attempt has so far been 
made to explain these features. Perhaps 
they have been considered to be too 
trifling to merit any attention. 

All these points appear to us to deserve 
consideration in any satisfactory con- 
jecture about the nature of the sporo- 
carp. ‘In the interpretation offered here 
( Fig. 60) all these features — and also 
those of ontogeny — are satisfactorily ex- 
plained. 

We believe that each sporocarp is equi- 
valent to a single leaflet which consists 
of as many fertile pinnules as the number 
of the commissural bundles. The pin- 
nules of one side alternate with those of 
the other (Fig. 60). Every pinnule 
further splits into two lobes up to about 
half its length, each receiving a branch 
of the commissural bundle. Only the 
inner margins of these lobes are fertile and 
bear sori (Fig. 62). In course of evo- 
lution these fertile margins became fused 
and the common sorus thus produced got 
more or less raised on a placental ridge on 
the adaxial side ( Figs. 62, 63). This re- 
ceived a vascular branch from the point of 
forking of the commissural bundle which, 
before diverging down in the main body 
of the sorus, supplied a branch to its 
upward extension (secondary ? ) (Fig. 62, 
see left half). In the meantime the 
pinnules also fused and this was followed 
by an enfolding of the entire leaflet. Sub- 
sequent fusion all along the free edges of 
the pinnules resulted in a closed globular 
sporocarp. 

In the primitive leaf of Marsilea there 
must have been many leaflets all probably 
arranged monopodially on one side as in 
Pteris semipinnata and Matonia pectinata 
(cf. Bower, 1916, 1926)... Such. „an 
assumption is borne out by the condition 
in Marsilea polycarpa where several sporo- 
carps are arranged in one row on one side 
of the rachis and all obtain their vascular 
supply from the same side of its stele 
( Allison, 1911). In those species having 
a single sporocarp all disappeared except 
the lowest leaflet forming the sporocarp 
and the one at the apex forming the 
vegetative segments ( Fig. 60 ). 


Fics. 60-63 — Diagrams illustrating our interpretation of sporocarp. Fig. 60. Simple case 
with a single fertile leaflet at the base destined to develop into sporocarp. Vegetative segments 
probably represent pinnules of the last leaflet, while other intervening leaflets have disappeared 
and are represented by short dotted stalks. Fig. 61. Diagram representing condition in 
Marsilea minuta and M. quadrifolia where pinnules of first, second and third orders also may give 
rise to sporocarps. Upper portion represents the point of view of those who interpret the vegeta- 
tive segments as leaflets. Fig. 62. Portion of fertile leaflet showing three pinnules on each 
side of leaflet rachis. They are fused together and so are the adjacent intersoral bundles. 
Placental bundles have arisen from the commissural bundles and run through placentae that develop 
along the inner fused edges of the pinnule lobes. Their upward extensions are shown on the 
left side. Fig. 63. Two pinnules fused bearing the placental ridges along the fused inner edges 
of their lobes. Each ridge bears megasporangia on its edge and microsporangia on the sides, 


PURI & GARG — ANATOMY OF THE SPOROCARP OF MARSILEA MINUTA 205 


It will be seen that this interpretation 
takes into account all the facts of anatomy 
and ontogeny. The bilobed condition of 
the fertile pinnules which is suggested 
by the forking of the commissural bundle 
and which is an essential feature of the 
interpretation put forward here, offers a 
satisfactory explanation of the location of 
the sorus in the plane of the midrib bundle 
of the pinnule. It also explains how the 
sporangia originating marginally appear 
to be situated superficially, how the inter- 
soral regions come to possess two bundles 
each and how the sori are connected to the 
commissural bundles and not to their 
ultimate branches. Besides, it does away 
with some cumbersome assumptions whose 
validity is difficult to establish. The 
dichotomy at the apex of the fertile 
leaflet, as indicated by the bifurcation of 
the vascular bundle, may appear to some 
to be rather odd. But if we remember 
that the bundle in the rachis also dichoto- 
mizes similarly (Figs. 20-22), it ceases 
to be a difficulty. Another feature which 
may appear to be hard to explain is the 
upward extension of the placental ridge 
so that a part of it comes to lie just inside 
and opposite the commissural bundle. 
This necessitates the entry of the placental 
bundle from about the middle of the 
placental ridge. A reference to the less 
specialized Regnellidium, where there is no 
such extension and where the placental 
bundle directly enters the placental ridge 
from its dorsal end ( Johnson & Chrysler, 
1938 ), shows that the condition in Marsi- 
lea is a derived one and is obtained by a 
secondary extension of the placental ridge 
over the surface of the pinnule beyond the 
point of its forking (cf. Fig. 62 ). 

So far we have dealt with the condition 
where there is a single sporocarp at the 
base of the rachis. The condition where 
more than one sporocarp exists also de- 
serves some attention. The case in Marsi- 
lea polycarpa and M. caribaea is perhaps 
the simplest. Here there are about a 
dozen sporocarps all arising independently 
from the same side of the rachis in a 
linear row. This was once considered a 
serious difficulty in accepting the laminar 
interpretation of the morphology of the 
sporocarp (see Johnson, 1898a). As 
mentioned before, Allison (1911) studied 


the vascular connections of these sporo- 
carpsin M. polycarpa and found that all of 
them derived their vascular supply from 
the same side of the rachis stele. Bower 
(1916, 1926), who himself devoted some 
attention to the problem, concludes that 
it is due to just a succession of pinnae on 
an anadromic helicoid plan such as is seen 
in Pteris semipinnata. Allison’s studies 
support such an inference. 

Another type of condition exists in 
M. minuta and M. quadrifolia, where two 
or more sporocarps may be borne on the 
same peduncle. As will be seen from 
Figs. 25-27, this is not due to a mere split- 
ting of the peduncle. If it were so, the 
stele would have dichotomized as it does 
in the rachis when the two terminal leaf 
segments are approached (see Figs. 20- 
22). On the other hand, the daughter 
branch receives its vascular supply in 
much the same way as does a lateral 
leaflet or a pinnule or for that matter the 
parent penduncle itself (cf. Figs. 6, 37). 
We are, therefore, justified in interpreting 
the second sporocarp as representing a 
pinnule of the first order. In the same 
way pinnules of the second and third 
orders also may develop into sporocarps 
(Fig. 61), as seen in M. quadrifolia 
(CIS ST): 

The above interpretation also provides 
a satisfactory explanation of the condition 
in the other two genera of the family. In 
Pilularia where there are only 2-4 sori 
the number of the fertile pinnules will be 
correspondingly reduced. In Regnellidium 
the sori are shorter in their vertical extent 
and do not extend upward beyond the 
point of forking of the commissural 
bundles. Consequently the placental 
bundle directly enters the sorus at its upper 
end and continues downward ( Johnson & 
Chrysler, 1938). This is a significant 
point and appears to confirm the con- 
clusion of Chrysler and Johnson (1939) 
that Regnellidium represents an ancient 
and unprogressive member of the group. 
It follows, therefore, that Marsilea is more 
progressive and that the condition of the 
sorus here is a derived one. Another 
feature which is peculiar to Regnellidium 
is the position of the sori. Instead of 
being situated on the lateral wall of the 
capsule as in Marsilea and Pilularia, they 
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are attached to the septa separating the 
soral canals. This is indeed a noteworthy 
point and must be accounted for in any 
interpretation that claims general accep- 
tance. The suggestion that it is due to 
some sort of “ phyletic slide ” ( cf. Eames, 
1936; Johnson & Chrysler, 1938) is not 
quite helpful. On the basis of the inter- 
pretation offered here we have only to 
assume that after fusion the fertile edges 
of the lobes turned inward so as to bring 
the sorus into the middle of the soral canal. 
Such a condition probably exists in Mar- 
silea and Pilwaria. In Regnellidium, 
however, the stalk of the sorus probably 
became very slender and weak so that it 
could not stand in the middle. Naturally 
then it got deflected to one side and 
subsequently fused with the wall of the 
soral canal. However, we intend to 
study some material of Regnellidium our- 
selves before arriving at any final con- 
clusions regarding this particular feature. 

CLOSING UP OF THE SPOROCARP — An- 
other controversial problem has been the 
direction of folding of the pinnules that 
form the sporocarp. As pointed out by 
Eames ( 1936 ), there are two possibilities: 
either they are folded adaxially or abaxial- 
ly. Those who believe in the adaxial 
folding base their conclusion on the fact 
that during development and “ sleep’’ also 
the folding is adaxial, while those who 
support the other view emphasize that the 
sori among ferns are never on the ventral 
surface, and hence if they are to be en- 
closed, the folding has to be abaxial. 

With the establishment of the margi- 
nal origin of sporangia in the Marsilea- 
ceae (Goebel, 1930; Johnson, 1898a, b; 
Johnson & Chrysler, 1938); this contro- 
versy should lose much of its significance, 
for as Bower ( 1926, p. 191 ) puts it, “ the 
sori would be as easily displaced to the 
upper ( adaxial ) as to the lower ( abaxial ) 
surface”, Referring to this problem, 
Eames ( 1936) concludes: ‘“ Whether this 
curvature is towards the ventral or the 
dorsal side is not certain; it seems prob- 
able, however, that the folding is ventral 
since the leaflets assume this position 
while developing and periodically after 
maturity.” 

In the course of the present study we 
have been able to obtain convincing ana- 
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tomical evidence in support of the adaxial 
folding. It has been shown, for instance, 
that the vascular bundle in the rachis of 
the leaf and peduncle of the sporocarp is 
more or less V-shaped. The concavity of 
this bundle is always towards the adaxial 
or ventral surface ( Figs. 10, 37, 38). In 
the sporocarp the open V-shaped bundle 
can be recognized in the proximal region 
and here too the concavity is directed 
internally, i.e. towards the adaxial side 
( Fig. 39), showing thereby that the fold- 
ing of the pinnules has been adaxial. Thus 
the vascular stele of the sporocarp retains 
the same orientation throughout its course, 
and it does not show any twisting of the | 
stalk of the sporocarp (cf. Tournay, 1951). 

Smith ( 1938 ), on the other hand, holds 
that the folding is abaxial. This con- 
conclusion is forced upon by him by his 
ill-founded faith in the superficial origin 
of the sori. He believes that the sori are 
not marginal as shown by Goebel and 
Johnson but that they are borne dorsally. 
This being so, the folding of the fertile 
leaflet has to take place abaxially in order 
to enclose the sori. Smith supports such 
a conclusion on the basis of an anatomical 
observation. He remarks that ‘the proto- 
xylem in a leaf trace and a petiolar 
bundle is exarch in position, that is, on the 
abaxial side of a bundle. The protoxy- 
lem in the main bundle of a sporocarp lies 
at the inner face of the xylem.’”’ Although 
our Fig. 39 shows the protoxylem on the 
inner side as well as at the ends, we have 
not been able to confirm his observation. 
We find that in the rachis and peduncle 
the protoxylem is situated at the ends of 
two arms of ‘V’ (Figs. 37, 38). Thus 
this criterion is of little help in deciding 
the issue. 

As already pointed out, Goebel ( 1905, 
1930) has done away with the pheno- 
menon of enfolding completely. He thinks 
that the effect of enfolding is achieved 
through unequal growth of the lower and 
upper sides. According to him the lower 
side grows much more than the upper, 
and at maturity this latter is represented 
essentially by the indusium. Our obser- 
vations are not comprehensive enough to 
confirm such a hypothesis. 

SOME OTHER FEATURES OF THE SPORO- 
CARP — At the base of the sporocarp 
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on its upper side there are two small pro- 
jections which have been variously des- 
cribed as teeth, humps, etc. The lower 
tooth is somewhat more prominent and 
in its neighbourhood the vascular bundle 
of the sporocarp negotiates a sharp bend 
(Fig. 40). We did not find any separate 
bundle being given out for the lower 
tooth in our material. But Eames ( 1936 ) 
reports that in some species ‘‘ two weak 
or vestigial strands pass into the lower 
tooth ”. This fact leads him to conclude 
that the lower tooth “ represents the re- 
mains of the proximal leaflets”. Such 
an inference does not affect our position 
to any material extent, for in our inter- 
pretation the fertile leaflet of Marsilea 
has many more pinnules than four. 

The upper tooth never receives any 
vascular tissue and as such it has little 
morphological significance. In Regnel- 
lidium both these protuberances are 
absent ( Johnson & Chrysler, 1938 ). 

It is interesting to note that even those 
sporocarps, which are completely sub- 
merged in water, are studded with 
numerous stomata situated in deep pits. 
Obviously they cannot be of any use 
in that condition. Maybe that their pre- 
sence is an adaptation to the long life 
(50 years?) of the sporocarp during 
which period it may have chances of being 
exposed to dry air when aeration will be 
possible through stomata. Abundance of 
stomata on the sporocarp has also been 
reported in the other two genera of the 
family ( Johnson & Chrysler, 1938 ). 

It will be remembered that the inner 
palisade layer is not continuous all round. 
It is lacking from the side of the raphe. 
Johnson and Chrysler (1938), who observ- 
ed the same feature in Regnellidium, ex- 
plain it as due to an “ overlapping” of 
two layers of hypodermis in this region. 

TERMINOLOGY — We would here also 
like to draw attention to the confusion 
that exists in the literature on Marsileaceae 
regarding the use of the terms “ leaflet ”, 
“pinna”’, and “ pinnule”. In almost all 
text-books and even in original papers the 
term “leaflet ’’ is freely used for what 
appears to the authors to be merely a 
“ pinnule ”’. 

In almost all interpretations, including 
the one offered here, the fundamental form 
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of the Marsileaceae is considered to be 
a much-branched structure consisting of 
several leaflets or pinnae which may 
further divide into pinnules. Most of 
these leaflets are believed to have been 
lost during evolution (cf. Fig. 60). Only 
one (in sterile leaf), two (in fertile leaf), 
or a few more (e.g. in Marsilea polycarpa ) 
persist in modern forms. In consistence 
with this general belief the sporocarp of 
this family has to be considered as equi- 
valent to a single leaflet which in turn 
may have two or more pinnules. A refer- 
ence to Figs. 57 and 60 will convince 
anybody that more than one leaflet — if 
this term is used correctly — cannot poss- 
ibly take part in the formation of a 
sporocarp. Any suggestion of there being 
two (Johnson & Chrysler, 1938), four 
( Campbell, 1928, 1940; Eames, 1936) or 
more leaflets in a sporocarp is, therefore, 
based either on misconception or on mis- 
use of the term “ leaflet ”. 

The interpretation of the vegetative 
segments, however, does not appear to 
be so simple. There are apparently two 
possibilities: either they are pinnules and 
constitute together the last leaflet (ct. 
Fig. 60 ) or they represent the apex of the 
large frond that consists of two ( Regnel- 
lidium) or four ( Marsilea) leaflets (cf. 
Fig. 61). There seems to be no easy 
means of settling the issue in favour of 
one or the other alternative. ° However, 
in view of the following considerations, 
the first alternative appears to be more 
probable. In most of the interpretations 
( Bower, 1926; Eames, 1936; Johnson & 
Chrysler, 1938; Emberger, 1949), the 
sporocarp is considered as homologous 
with all the sterile segments (two in 
Regnellidium and four in Marsilea ) of the 
leaf. If this homology is correct and if 
the sporocarp, as inferred above, always 
consists of a single leaflet, we are justified 
in interpreting all the sterile segments as 
pinnules belonging to a single leaflet. 

Further we have assumed above that 
the primitive leaf of the Marsileaceae was 
a pinnate structure having all leaflets on 
one side as they are in Péeris semipinnata 
or Matonia pectinata. That they were so 
in the lower region of the rachis seems 
to have been well established by the 
condition found in Marsilea polycarpa 
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(Allison, 1911). It appears that they were 
borne similarly in the upper region as well. 
If this inference is correct, we cannot 
interpret the two (one in Regnellidium ) 
opposite pairs of sterile segments as 
leaflets; they have to be interpreted as 
pinnules of the last leaflet. So the struc- 
tures situated on the other side of the 
rachis are just pinnules of the last leaflet 
and not “‘leaflets’’. Whether this last 
leaflet was terminal or lateral is not very 
material from our point of view (cf. 
Fig. 60). 

It seems probable, therefore, that the 
so-called Marsilea ‘leaf’ — the vege- 
tative part of it—consists of a single 
leaflet bearing four pinnules and not of 
four leaflets as has generally been believed 
and referred to in text-books. However, 
this is just a tentative suggestion and 
cannot be taken as finally proved. We 
would only like to suggest that in des- 
cribing the ‘‘ leaft ” and the sporocarp of 
the Marsileaceae the terms “ leaflet ” and 
“pinnule’’ should be used with full 
understanding of their implications. Any 
looseness in their usage makes an already 
difficult problem more perplexing to one 
who wants to acquaint himself with the 
morphology of this interesting group of 
aquatic ferns. 


Summary 


The present study deals with the vas- 
cular anatomy of the sporocarp and rachis 
of Marsilea minuta. Though nothing 
strikingly different from what has already 
been described could be observed, it has 
nevertheless become clear that in the 
vascular plan of the sporocarp there are 
features whose significance has not been 
fully appreciated so far. The existing 


4. In fact the so-called leaf and the sporocarp 
are parts of the same leaf. 
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views on the homologies of the sporocarp 
are analysed and it is shown that none of 
them can stand a critical examination. 

The divergence of a sporocarp trace 
from one end of the V-shaped stele of the 
rachis is held to support the laminar 
interpretation of the sporocarp, for it is 
only leaflets and pinnules that receive 
their vascular traces in such a manner, 

It is concluded that the sporocarp is 
equivalent to a single leaflet which con- 
sisted of as many pinnules as the number 
of commissural bundles, the latter forming 
the midribs of the former. Every pinnule 
was bilobed and bore sporangia on the 
inner margins of its lobes. In course of 
evolution all the lobes and pinnules fused 
together and all the sporangia were raised 
up on a placental ridge which perhaps 
secondarily extended upward beyond the 
point of origin of the placental bundle. 
Ultimately the enfolding and subsequent 
fusion of the lamina resulted in a globular 
sporocarp. That such has been the course 
of events in the evolution of this complex 
fruiting body seems to be clearly indicated 
by the behaviour of the commissural 
bundles and their branches. The bilobed 
condition of the fertile pinnules, which is 
an essential feature of the interpretation 
put forward here, offers a satisfactory 
explanation of the location of the 
sorus in the plane of the commissural 
bundle. 

The main bundle in the rachis, peduncle 
and sporocarp is more or less V-shaped 
with its concavity on the adaxial side. 
Since in the sporocarp this concavity is 
on the inner side it is concluded that the 
folding has been adaxial. 

Attention has been drawn to the loose- 
ness that exists in literature concerning 
the use of the term “ leaflet’’ in des- 
cribing the leaf of the Marsileaceae in 
general and the morphology of the sporo- 
carp in particular, 
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SOME OBSERVATIONS ON THE ENDOSPERM: 
IN PAPILIONACEAE 


M. ANANTASWAMY RAU 


Central College, Bangalore, India 


In a recent paper ( Anantaswamy Rau, 
1951b) the endosperm formation was 
described in a few species of the Papiliona- 
ceae. The formation of a free nuclear 
tubular process in the chalazal part of the 
embryo sac was reported in Crotalaria 
(Anantaswamy Rau, 195la). Further 
study has revealed the occurrence of this 
feature in other genera of the Papiliona- 
ceae, viz. Heylandia, Cyamopsis, Elesotis 
and Desmodium. This interesting activity 
of the endosperm had not been recorded 
by earlier workers though some of them 
referred to the collection of free endosperm 


nuclei at the chalazal end of the embryo 
sac. In view of the variability exhibited 
by the endosperm in the plants already 
studied, a comparative study was under- 
taken of as many genera as possible in 
regard to the structure, organization and 
activity of the endosperm. The present 
paper gives an account of the observations 
made on the following species of the 
Papilionaceae, material of which was 
collected in the Mysore State. The 
names of the different tribes, sub-tribes 
and species are arranged according to 
Taubert (1894). 
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Tribe Sophoreae 
Castanospermum australe A. Cunn. 


Tribe Genisteae: sub-tribe Crotalariinae 
Crotalaria striata DC. 
C. retusa L. 
Heylandia latebrosa DC. 


Tribe Trifoliae 
Trigonella foenum-graecum L. 


Tribe Galegeae: sub-tribe Indigoferinae 
Cyamopsis psoralioides DC. 
Indigofera trıta L. 


sub-tribe Robiniinae 
Sesbania aegyptiaca Pers. 
S. grandiflora Pers. 


Tribe Hedysereae: sub-tribe Aeschyno- 
meninae 
Aeschynomene indica L. 


sub-tribe Stylosanthinae 
Stylosanthes mucronata Willd. 
Zornia diphylla Pers. 


sub-tribe Desmodiinae 
Desmodium triflorum DC. 
D. tortuosum DC. 
D. pulchellum Benth. 
Alysicarpus monilifer DC. 
Eletotis sororia DC. 
Tribe Dalbergieae : sub-tribe Pterocarpinae 
Dalbergia sissoo Roxb. 
Tribe Phaseoleae: sub-tribe Glycininae 
Teramnus labialis Spr. 
sub-tribe Cajaninae 
Cajanus cajan L. 
Atylosia scarabaeoides Benth. 
Rhynchosia minima DC. 


sub-tribe Phaseolinae 
Phaseolus trilobus Ait. 
Dolichos lablab L. 
Tribe Vicieae 
Abrus precatorius L. 


The material was fixed in formalin- 
acetic-alcohol. Heidenhain’s iron alum 
haematoxylin and a combination of safra- 
nin and fast green were used for staining. 


Observations 


SOPHOREAE — Guignard (1881) investi- 
gated three members of this tribe, Ed- 
wardsia grandiflora, Sophora secundiflora 
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and Cladrastis lutea, but did not make 
any reference to the endosperm, He 
noticed, however, that in Sophora the 
proembryo was elongated and a distinct 
suspensor was lacking, whereas in Clad- 
rastis the suspensor was present as a dis- 
tinct organ on the ovoid embryo. Only 
one species of this tribe, Castanos permum 
australe, was available tome. The ovules, 
which are few in number, undergo con- 
siderable growth during post-fertilization 
stages and the mature seeds are nearly 
one inch in length. The free endosperm 
nuclei are distributed throughout the 
embryo sac but some of them lying 


towards the chalaza become enlarged. 


The massive nucellus is gradually dis- 


organized on account of the growth of the » 


embryo sac. At the chalazal end a large 
disorganized portion of the nucellus per- 
sists as a stump (Fig. 2). At the sides, 
however, the nucellus and inner integu- 
ment are completely disorganized, the 
latter being recognizable only at the micro- 
pylar end ( Fig. 1). The seed coat, con- 
sisting of several layers of cells, is derived 
from the outer integument. Cell forma- 
tion in endosperm commences in the 
micropylar part of the embryo sac around 


the globular embryo and later extends | 


towards the middle of the embryo sac. 
The endosperm is consumed by the embryo 
in later stages. 

GENISTEAE — In his comprehensive study 
of the Leguminosae Guignard (1881) 
included an account of the endosperm 
and embryo in Cytisus and several species 
of Lupinus. A striking difference was 
noticed by him in the size of the endosperm 
nuclei lying around the embryo and those 
at the chalazal end. A study of Heylandia 
latebrosa has revealed that as in other 


members, a large number of free endo- | 


sperm nuclei are found in the embryo sac 
during the early stages in division of the 
zygote. Many of these gradually collect 
around the developing embryo and are 
found in a dense sheath of cytoplasm 
( Fig. 3). The suspensor consists of tubu- 
lar peripheral cells which appear to have a 
haustorial role. The developing seed 
assumes an amphitropous curvature form. 
In its middle part the embryo sac is 
narrow but towards the chalaza it is 
broader. In this broader part a large 
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number of free endosperm nuclei are 
found towards the periphery. The narrow 
portion of the embryo sac forms a tubular 
structure. No cell walls are laid in endo- 
sperm in this and in the chalazal part 
(Fig. 4). In later stages the endosperm 
tissue is formed in the micropylar part 
and the free nuclear portion disorganizes. 
In the species of Crotalaria studied, a 
similar organization of the endosperm is 
seen and the general structure of the 
developing seed is shown in Fig. 5. The 
cellular part of endosperm extends to 
about the middle of the embryo sac while 
the free nuclear part comprises the tubular 
and the broadened chalazal portions. 
The prominent tubular cells from the 
middle part of the suspensor are in inti- 
mate association with the endosperm 
tissue and appear to help in the nutrition 
of the embryo (Fig. 7). The inner in- 
tegument and the nucellus are consumed 
along the sides but towards the chalaza 
the nucellus is still recognizable. The 
endosperm in this region consists only of 
free nuclei, often of a large size, lying in 
dense cytoplasm (Fig. 6). The endo- 
sperm tissue is mostly consumed by the 
developing embryo and only a small part 
of it persists in the mature seed. Several 
locally available species of Crotalaria, 
C. laburnifolia, C. verrucosa, C. orixensis, 
C. paniculata, C. albida, C. bifaria, C. biflora, 
C. ramosissima were examined in addition 
to the more carefully investigated C. striata 
and C. retusa and found to have a similar 
organization of the endosperm. 
TRIFOLIEAE —In Trigonella foenum- 
graecum, the anatropous ovules later 
undergo a very strong amphitropous cur- 
vature. This results in their assuming an 
almost triangular shape with the micro- 
pyle-hilum-chalaza forming the base of 
the triangle ( Fig. 8). A collection of free 
endosperm nuclei in dense cytoplasm is 
seen at the chalazal end but the presence 
of a large number of nuclei around the 
embryo and along the periphery of the 
embryo sac up to the region of the bend 
is also noteworthy (Fig. 10). The sus- 
pensor is very prominent and consists of 
several tiers of enlarged cells which are 
densely cytoplasmic. Cell formation in 
endosperm is initiated at the time of 
appearance of the cotyledonary lobes. 


The cellular mass extends to the region 
of the bend and also beyond it towards 
the chalaza. The free nuclei, that are 
present in the chalazal part, undergo 
marked hypertrophy (Fig. 9) and de- 
generate. The seed coat is derived from 
the outer integument ( Fig. 11) and the 
endosperm cells are completely consumed 
when the seed matures. During early 
stages in seed development, the inner 
layer of the inner integument bordering 
the embryo sac becomes very conspicuous 
owing to its enlarged cells. These cells 
appear to possess a nutritive role. They 
become depleted of their contents in later 
stages and eventually disorganize. Cooper 
(1934) reported a similar type of endo- 
sperm organization in a hybrid variety of 
Melilotus. Earlier Young (1905) had 
noticed the collection of free endosperm 
nuclei at the chalazal end of the embryo 
sac in Melilotus alba. 

GALEGEAE — Cyamopsis  psoraloides 
shows an interesting haustorial process in 
the chalazal part of the endosperm. As 
in other members of the family, a large 
number of free endosperm nuclei are at 
first distributed uniformly in the embryo 
sac but the cytoplasm is somewhat dense 
in the neighbourhood of the embryo 
(Fig. 12). After the octant stage, cell 
formation is initiated in the endosperm 
in the region close to the embryo ( Fig. 13 ) 
and later extends towards the middle of 
the embryo sac. The chalazal part of the 
sac is, however, formed into a narrow tube 
in which free endosperm nuclei are found. 
With the increase in extent of the endo- 
sperm tissue this portion becomes twisted 
and can be seen in the chalazal cavity 
( Figs. 14, 16). A whole mount of the 
endosperm, dissected out from a develop- 
ing seed, clearly shows the cellular and 
free nuclear tubular portions ( Fig. 15). 
This tubular portion sometimes shows a 
vesicular tip which is not easily recogniz- 
able as it collapses immediately on dis- 
section on account of the very delicate 
wall. In later stages the tubular portion 
separates into a few uninucleate cells but 
the terminal cell is sometimes found to be 
multinucleate. In the cellular portion of 
endosperm the epidermal layer is always 
composed of smaller cells with dense 
cytoplasm whereas the cells towards the 
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interior are much larger, thin-walled and 
highly vacuolate ( Fig. 17). 

Indigofera trita possesses tetragonous 
sharply pointed pods which show septa 
between the seeds. There are 6-8 seeds 
in each pod. The free endosperm nuclei 
show aggregations at the two ends of the 
embryo sac (Figs. 19, 20). The two 
integuments are each two-layered but 
the inner gets crushed during the develop- 
ment of the seed. In the early stages of 
seed development there is seen a single 
layer of nucellus with very much enlarged 
cells having vacuolate cytoplasm ( Fig. 18), 
but this layer also is soon crushed and 
consumed. The endosperm tissue which 
is initiated in the micropylar region 
extends to the entire seed cavity but most 
of it is consumed by the embryo during 
the maturation of the seed. The develop- 
ing seed undergoes an amphitropous curva- 
ture and is highly compressed on the side 
opposite to the funiculus (Fig. 21). 
Some of the chalazal cells at the antipodal 
end of the embryo sac become conspi- 
cuously thick-walled and function as a 
barrier tissue ( Figs. 20, 21). 

In the two species of Sesbania studied 
by me, S. aegyphaca and S. grandiflora, 
the nucellar cells at the base of the embryo 
sac become conspicuous on account of 
their darkly stained contents (Figs, 22, 24). 
A collection of dense cytoplasm with 
enlarged endosperm nuclei is seen in the 
neighbourhood of the embryo (Fig. 23). 
The endosperm tissue is organized when 
the embryo has reached an advanced 
stage in its development and fills the seed 
cavity except the chalazal end which 
contains a few degenerating free nuclei. 
A few layers of endosperm tissue can be 
recognized around the cotyledons even 
when the seeds mature. Guignard (1881), 
who investigated some members of this 
tribe, also states that the endosperm tissue 
is organized some time after the enlarge- 
ment of the suspensor, and that it does not 
disappear completely at maturity. Hegel- 
maier (1885) found a similar mode of 
endosperm organization, as is described 
above for some members of the tribe 
Galegeae, in Colutea arborescens and in- 
cluded it in his ‘‘ einseitig-peripherischer ” 
type of nuclear endosperm organiza- 
tion. 
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HEDYSEREAE — It has already been 
pointed out (Guignard, 1881) that the 
tribe Hedysereae shows considerable varia- 
tion in the development of the embryo 
particularly in the organization of a 
suspensor. Guignard found that there 
were suspensorless forms as well as those 
with a massive suspensor. The present 
investigation shows that a similar varia- 
tion exists in regard to the organization of 
endosperm. In Stylosanthes mucronata 
the embryo possesses a very prominent 
suspensor with large vacuolate cells ( Fig. 
31) and is freely suspended in the seed 
cavity. The endosperm nuclei are res- 
tricted to periphery of the embryo sac and 
are found in dense cytoplasm. This cyto- 
plasmic zone is in intimate association with 
the inner layer of the inner integument and 
penetrates here and there in between the 
cells of the latter (Fig. 33). Nuclear 
hypertrophy and fusion is also noticed. 
The endosperm exhibits a weak haustorial 
activity and cell walls are not laid down 
even when the embryo has reached a very 
advanced stage. The seed coat is derived 
from the outer integument while the 
inner disintegrates (Fig. 32). Another 
feature noticed during the development 
of the seed is the persistence of the pollen 
tube even at such a late stage as in Figs. 31 
and 34. Stylosanthes mucronata appears 
to be the only member of the Papilionaceae 
where a cellular endosperm tissue is not 
organized. Guignard ( 1881 ) reported the 
absence of wall formation in endosperm in 
the tribe Vicieae, but the later investi- 
gation of Cooper (1938) has shown that 
wall formation does take place as usual in 
Pisum sativum, a member of the Vicieae. 
Stylosanthes is also unique among the 
Hedysereae in possessing a suspensor of 
the type generally seen in some members 
of the tribe Genisteae (e.g. Crotalaria, 
Heylandia ). 

In Aeschynomene indica ( Figs. 25, 26) 
a thick cytoplasmic sheath with numer- 
ous endosperm nuclei is organized around 
the embryo ( Fig. 25). This cytoplasmic 
sheath becomes narrower and thinner 
towards the middle of the embryo sac. 
At the chalazal end free nuclei occur along 
the periphery of the sac. Cell formation 
commences in the micropylar region and 
later extends to about the middle of the 
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Fics. 12-24 — Fig. 12. Cyamopsis psoralioides, embryo sac showing fertilized egg and free endo- 
sperm nuclei. x 100. Fig. 13. Micropylar part of embryo sac showing initiation of cell formation in 
endosperm. x 225. Fig. 14. Chalazal part showing twisted free nuclear tubular part of endosperm. 
x 100. Fig. 15. Whole mount of endosperm. x 20. Fig. 16. L.S. of developing seed. x 20. Fig. 1% 
Part of wall of developing seed. x 225. Fig. 18. Indigofera trita, 1.s. of developing seed. x 135. 
Fig. 19. Endosperm nuclei around embryo. x 200. Fig. 20. Embryo sac with embryo and 
endosperm nuclei in dense cytoplasm at the micropylar and chalazal ends. x 100. Fig. (21. cba 
of seed with well-developed embryo and endosperm tissue. x 20. Fig. 22. Sesbania aegyptiaca, 
ls. of developing seed. x 40. Fig. 23. Micropylar part of embryo sac with endosperm 
nuclei in dense cytoplasm. x 200. Fig. 24. Chalazal part of developing seed showing nucellar 
base. x 60. (0.7, outer integument; i.7, inner integument; nuc, nucellus; c.e, cellular part of | 
endosperm; {.e, tubular part of endosperm, emb, embryo; ch, chalaza.) 
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embryo sac (Fig. 26). The free nuclei 
towards the chalaza disintegrate. In 
Zorma diphylla, the embryo sac shows 
pronounced growth in the micropylar part 
during the post-fertilization stages, break- 


ing through the nucellus and the inner : 


integument. The upper part of the em- 
bryo sac is covered by the outer integu- 
ment alone which shows a pronounced 
bend in that region ( Figs. 27, 29). The 
inner layer of the two-layered inner 
integument becomes very conspicuous 
with large transversely stretched cells 
having prominent nuclei and vacuolated 
cytoplasm ( Fig. 28). The nucellar layers 
also persist towards the chalaza in the 
developing seed ( Fig. 27). Cell forma- 
tion in the endosperm commences when 
the embryo has assumed a spherical 
outline and later extends to the entire 
seed cavity. The endosperm is con- 
sumed by the developing embryo and the 
nucellus is also destroyed by the time 
the seed matures. 

Eletotis sororia exhibits the character- 
istic tubular free-nuclear process in the 
chalazal part of the endosperm. This 
tubular process has a free-nuclear vesicle 
at its tip and resembles the condition 
already reported in Heylandia, Crotalaria 
and Cyamopsis. In the endosperm tissue 
which is organized around the embryo, 
cell divisions are more regular in the 
immediate neighbourhood of the micro- 
pyle and this results in smaller and more 
densely cytoplasmic cells ( Fig. 39). A 
more prominent development of a similar 
tissue is seen in Alysicarpus monilifer. 
Cell divisions take place regularly in 
the cells at the micropylar end so that 
this portion of the endosperm is clearly 
distinguishable from the rest by having 
smaller and more densely cytoplasmic 
cells (Fig. 36). During the develop- 
ment of the seed a strong campylo- 
tropous curvature is seen and the embryo 
sac is lined by several layers of nucellar 
cells in the chalazal part (Fig. 35). 
However, in later stages the embryo sac 
encroaches upon the nucellus and destroys 
it. 

The developing seed shows an almost 
similar condition in Desmodium. A longi- 
tudinal section of the developing seed of 
D. triflorum ( Fig. 37 ) shows the campylo- 
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tropous curvature and the persistence of 
the nucellar layers in the chalazal part. 
Cell formation in endosperm takes place 
when cotyledonary lobes are being dif- 
ferentiated but the chalazal part of the 
embryo sac is formed into a very narrow 
tube with free nuclei and a vesicular tip 
(Fig. 38). Cytoplasmic streaming is 
readily observed in this free nuclear 
portion in freshly dissected mounts. The 
vesicular tip which shows a tubular 
projection at its base possesses a large 
vacuole in the centre with the nuclei dis- 
tributed along the periphery (Fig. 38). 
On account of the activity of the endo- 
sperm the nucellar layers in the chalazal 
part are completely disorganized. The 
endosperm tissue in course of time 
occupies the entire seed cavity and the 
free nuclear tubular process gets crushed. 
With the growth of the embryo the endo- 
sperm tissue is gradually consumed and 
the mature seed shows no trace of it. 
Endosperm formation in two other species 
of Desmodium, D. tortuosum and D. pul- 
chellum is similar but in the latter wall 
formation eventually takes place in the 
tubular process as observed in Cyamopsis. 

Guignard (1881), who investigated 
several species of this tribe, noticed con- 
siderable variation in regard to the time 
of initiation of wall formation in endo- 
sperm. In Onobrychis the endosperm tissue 
appears long before the formation of the 
two cotyledonary protuberances whereas 
a contrary condition is seen in Hedysarum. 
Between these two extremes lie Desmo- 
dium, Coronilla and Arachis. However, 
Guignard failed to observe the extremely 
peculiar tubular process of the endosperm 
in Desmodium. 

DALBERGIEAE — In a recent paper 
(Anantaswamy Rau, 1951b), the endo- 
sperm formation in Pongamia glabra (=P. 
pinnata ) was described. A large number 
of endosperm nuclei gather around the 
persisting nucellar cells at the chalazal 
end and bring about their disorganization. 
In Dalbergia sissoo, another member of 
the Dalbergieae, the nucellar cells at the 
chalazal end are very much enlarged and 
contain dense cytoplasm. These cells 
are, however, crushed on account of the 
encroachment by the embryo sac ( Fig. 
40). The endosperm consists of free 
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Fies. 35-41 —Fig. 35. Alysicarpus monilifer, 1.s. of developing seed. x 40. 
part enlarged to show the compact zone in endosperm tissue. X 100. Fig. 37. Desmodium triflorum, 
lis. of developing seed. x 40. Fig. 38. Whole mount of endosperm showing chalazal tubular 


part and its vesicular tip. x 40. Fig. 39. Eleiotis sororia, 


Fig. 36. Micropylar 


cellular zone of endosperm and 


suspensor of embryo. X 100. Fig. 40. Dalbergia sissoo, nucellar cells at the base of embryo 
‘sac. x 100. Fig. 41. Chalazal part of developing seed showing formation of barrier tissue at 


base of nucellus. x 60. 
sperm; emb, embryo; s, suspensor.) 


nuclei in the beginning but cell formation 
later takes place as in other members 
and in course of time the entire seed 
cavity is filled with the tissue. The 
remains of the nucellus can be recognized 
at the chalaza but some of the nucellar 
cells at the base as also some chalazal 
cells become very thick-walled and form 
the characteristic barrier tissue ( Fig. 41 ) 
already reported in other Papilionaceae 
( Anantaswamy Rau, 1951b). 
PHASEOLEAE — Teramnus labialis is a 
twining herb with narrow elongate pods. 
The pods are hooked, compressed and 
septate between the seeds which are 
oblong and strophiolate. The ovules as- 
sume a campylotropous curvature during 


(0.4, outer integument, 7.2, inner integument; nuc, nucellus; end, endo- 


their development into seeds (Fig. 48). 
The two integuments are each three- 
layered but the inner is completely obli- 
terated at the time of maturation of the 
seeds. The seed coat is thus formed by 
the outer integument (Fig. 49). The 
nucellus is three- to four-layered along the 
sides but on account of the rapid growth 
of the embryo sac during post-fertilization 
stages, it is ruptured and a few nucellar 
cells may be found at the top of the embryo 
sac. This is a common feature of the 
developing seeds of the tribe Phaseoleae 
(e.g. Phaseolus vulgaris—Weinstein, 1926). 
In the development of the endosperm a 
number of free nuclei gather at the chalazal 
end of the embryo sac which is very 
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Fics. 42-52— Fig. 42. Abrus precarotius, 1.s. of developing seed. x 12. Fig. 43. Phaseolus trilobus, 
l.s. of developing seed. x 20. Fig. 44. Cell formation in endosperm around embryo. x 100. Fig. 45. 
Teramnus labialis, endosperm nuclei and embryo. x 225. Fig. 46. Cell formation in endosperm, 
x 100. Fig. 47. Aggregation of endosperm nuclei in chalazal part and disorganization of nucellus. 
x 60. Fig. 48. L.S. of developing seed showing cellular zone of endosperm and haustorial 
chalazal part. x 20. Fig. 49. Part of wall of seed. x 100. Fig. 50. Haustorial process at 
chalaza and formation of barrier tissue at nucellar base. x 100. Fig. 51. Rhynchosia minima, 
l.s. of developing seed. x 20. Fig. 52. Chalazal part showing secretory cell cavities in outer 
integument, inner integument and disorganizing nucellus. x 100. (0.1, outer integument; 


1.4, inner integument, nuc, nucellus; c.e, cellular part of endosperm; n.e, free nuclear part of endo- : 
sperm; emb, embryo.) 
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narrow and in intimate association with 
the nucellar cells ( Fig. 47). Endosperm 
nuclei embedded in dense cytoplasm are 
also seen around the developing embryo 
(Fig. 45). Cell formation commences 
in the micropylar part of the embryo sac 
in the neighbourhood of the embryo 
(Fig. 46). These cells by further divi- 
sions ( Fig, 46 ) contribute to the extension 
of the tissue. This, however, is not ex- 
tensively developed particularly in the 
middle part of the embryo sac where only 
one or two layers of cells are found. This 
cellular part of endosperm passes on to the 
free nuclear portion towards the chalazal 
part. Here the endosperm assumes a 
haustorial role bringing about the dis- 
organization of the nucellus (Fig. 50). 
With continued increase in the endosperm 
tissue the haustorial free nuclear part gets 
twisted and is seen in association with the 
disorganized remains of the nucellus. 
The nuclei may become enlarged and 
distorted. The activity of this haustorial 
portion is brought to an end by the for- 
mation of a barrier tissue by the cells 
at the base of the nucellus. The endo- 
sperm development and activity in Teram- 
nus thus closely resembles the condition 
in Glycine javanica ( Anantaswamy Rau, 
1951b ). 

In Phaseolus trilobus the developing 
seed shows a slight campylotropous cur- 
vature. The embryo sac ruptures the 
nucellar epidermis and grows beyond it 
but a pad of nucellar cells persists at the 
base ( Fig. 43). Cell formation in endo- 
sperm commences in the region around the 
embryo ( Fig. 44) but in the greater part 
of the embryo sac only free nuclei are 
found. It has already been pointed out 
that in another member of the Phaseoleae, 
viz. Vigna, the endosperm tissue is 
scanty (Anantaswamy Rau, 1951c). 

In Rhynchosia minima the developing 
seed is campylotropous and the wall of the 
seed shows very characteristic irregular 
cavities which perhaps have a secretory 
role ( Figs. 51, 52). The inner layer of 
the inner integument bordering the embryo 
sac is very conspicuous on account of the 
-xtremely narrow and transversely stret- 
shed cells (Fig. 52). The nucellus is 
found to persist at the base but is dis- 
organized in other parts of the seed. The 
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endosperm becomes cellular in the micro- 
pylar part (Fig. 51). The free nuclear 
part towards the chalaza is in intimate 
association with the disorganized remains 
of the nucellus. 

In Atylosia scarabeioides a dense aggre- 
gation of cytoplasm with free endosperm — 
nuclei is found at the chalazal end ( Fig. 
54). In the prominent nucellar tissue at 
the base are found some narrow elongated 
cells which are connected with the 
vascular termination in the chalaza. It 
is probable that these cells of the nucellus 
serve for the conduction of nutritive 
materials. In later stages the major 
portion of the seed cavity is filled with 
endosperm tissue but the nucellar base 
towards the chalaza and the crushed 
nucellar cells above can still be recog- 
nized (Fig. 55). A similar condition is 
also met with in Cajanus cajan where a 
prominent nucellar tissue is seen in the 
chalazal part of the developing seed. As 
in Atylosia, the middle part of this 
nucellar tissue consists of narrow elon- 
gated cells which are connected with the 
vascular termination in the chalaza 
( Fig. 58). Some nucellar tissue is also 
present along the sides of the ovule but 
this is consumed in later stages. The 
inner layer of the inner integument con- 
sists of transversely elongated cells with 
dense cytoplasm. The two outer layers 
consist of very narrow cells and are the 
first to be crushed but during further 
development of the seed the rest of the 
tissue also becomes crushed. The outer 
integument consists of several layers and 
contains prominent secretory cavities 
similar to those found in Rhynchosia 
(Fig. 57). Tannin-filled cells are also 
seen in profusion along the hilum region 
and below the point of termination of the 
vascular tissue in the chalaza ( Fig. 56). 

A very prominent development of the 
chalazal tissue is seen in the developing 
seed of Dolichos lablab which shows an S- 
shaped curvature. The endosperm pene- 
trates into this and brings about the 
gradual disorganization of the nucellar 
cells ( Fig. 61). The endosperm tissue is 
recognized only in the micropylar part 
( Figs. 59, 60). 

VICIEAE — Abrus precatorius, included 
in the tribe Vicieae, presents a pattern of 
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Fics. 53-61 — Fig. 53. Atylosia scarabeoides, 1.s. of developing seed. x 20. Fig. 54. Chalazal part 
with persisting nucellus and free nuclei of endosperm. x 100. Fig. 55. Same, later stage showing 
disorganization of nucellus. x 60. Fig. 56. Cajanus cajan, 1.s. of developing seed. x 20. Fig.573 
Part of wall of seed showing secretory cell cavities in outer integument. x 100. Fig. 58. 
Persisting nucellus at the base of the embryo sac with the narrow elongated cells at its middle. 
x 60. Fig. 59. Dolichos lablab, 1.s. of developing seed. x 12. Fig. 60. Cell formation in 
endosperm in micropylar part. x 60. Fig. 61. Chalazal part showing encroachment of endosperm 
on nucellar base which, however, persists as a stump. X 60. (o.i, outer integument; i.i, inner 


integument; nuc, nucellus,; c.e, cellular part of endosperm; n.e, free nuclear zone of endosperm; 
emb, embryo.) 
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seed development seen in several members 
of the Phaseoleae. The embryo sac 
shows pronounced growth in the micro- 
pylar region, breaks through the nucellar 
epidermis, and finally lies protected only 
by the outer integument. The nucellar 
base also presists as in Phaseolus. The 
hilum is, however, situated at the top and 
there is a slight post-chalazal extension 
of the vascular bundle into the outer 
integument. The endosperm becomes 
cellular only in the micropylar part of the 
embryo sac and the free nuclei towards 
the chalaza are seen to be in association 
with the nucellar base which shows a 
disorganized condition. Fig. 42 shows 
the general structure of the developing 
seed of Abrus. Guignard (1881) had 
indicated the exceptional nature of Cicer 
among the Vicieae. Abrus also differs 
from the other Vicieae in possessing an 
undifferentiated suspensor and in the 
organization of the endosperm. Senn 
(1938 ) has suggested the transference of 
this genus from the Vicieae to the Phaseo- 
leae based on a chromosome study. 


Summary and Conclusion 


A comparative study of several species, 
representing 21 genera, of the Papiliona- 
ceae has indicated much variability in the 
organization and activity of the endo- 
sperm. In all cases the development of 
the endosperm is of the Nuclear type but 
there is considerable variation in regard 
to the extent to which cell formation takes 
place later. 

Stylosanthes, belonging to the tribe 
Hedysereae, does not form any endosperm 
tissue, the free nuclei being restricted to 
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the border of the embryo sac. The 
mature embryo is found to be freely sus- 
pended in the sac. 

Several members of the tribe Phaseoleae 
show a comparatively poor development 
of endosperm. Cell formation is res- 
tricted to the region immediately around 
the embryo and may proceed to the 
extent of only a few layers. 

In the other members studied here, 
cell formation in endosperm commences 
in the micropylar part of the embryo sac 
and extends towards the chalaza. Free 
endosperm nuclei are, however, seen at the 
chalazal end and these often become 
hypertrophied before degeneration. In 
course of time cell formation extends 
to the entire seed cavity but finally the 
endosperm is consumed by the embryo. 

The formation of a specialized free 
nuclear zone in the chalazal part of the 
developing seed which might assume a 
tubular form with a vesicular tip is charac- 
teristic of genera like Crotalaria, Heylan- 
dia, Cyamopsis, Eleiotis and Desmodium. 

A haustorial activity of the chalazal 
part of the endosperm resulting in the 
gradual digestion of the nucellar base is 
seen in Glycine, Teramnus, Atylosia and 
other Phaseoleae. 

The disorganized mass of the nucellus ap- 
pears asa very prominent stump at the base 
of the seed cavity particularly in Castano- 
spermum and Dolichos. In some members 
(e.g. Indigofera, Dalbergia) the formation 
of a barrier tissue prevents encroachment 
of the embryo sac on the chalazal tissue. 

I wish to express my sincere thanks to 
Prof. P. Maheshwari and Prof. L. N. Rao 
for many valuable suggestions and encour- 
agement. 
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PLASTIC—A SUITABLE EMBEDDING SUBSTANCE FOR 
PETROGRAPHIC STUDY OF COAL AND FOSSIL PLANTS 


S. LECLERCQ & R. NOEL 
University of Liége, Belgium 


Coal may be studied from different 
points of view and with several micro- 
techniques. A method for embedding 
coal, suitable for petrographic studies, is 
described in this note. By this method a 
sample of coal or a fine-grained prepara- 
tion of powdered and sifted coal is em- 
bedded in an appropriate cement and 
highly polished for examination under the 
microscope and in reflected light. The 
embedding substance proposed is a resin, 
a liquid plastic known as Marco 26 C. It 
consists of a copolymer of styrene and 
polyester of allyl which has the following 
characteristics: it polymerizes slowly at 
room temperature; its hardness is similar 
to that of coal and ensures a regular 
polishing plane without polishing stress; 
it is structureless and sharply contrasts 
with coal; it is unaffected by the immer- 
sion oil used for microscope objectives, 


Technique 


(1) The commercial syrup must be pre- 
pared for use in the following manner and 
quantity: 0°48 gm. hydrocyclohexyl perox- 
ide ( HCH ) is dissolved in 4 cc. styrene to 
which 20 cc. resin are added; (2) a layer, 
2-3 mm. in thickness, of this mixture is 
poured into a mould to form a supporting 
layer. The size of the mould is adjusted 


to that of the coal sample and may be of 
glass, metal or plaster. Greasing the mould 
with vaseline before pouring the mixture 
facilitates the removal of the finished cast; 
(3) the supporting layer is allowed to gelin 
a drying oven at 35°C for about 15 minutes; 
(4) when the surface begins to jellify, the 
coal sample (here about 5x33 cm. in 
size ) is placed on the supporting layer and 
the remainder of the fluid mixture is poured 
over until the specimen is fully covered; 
(5) the mould is placed for about 12 
hours in a drying oven at 35°C until 
complete polymerization has taken place 
and is then left to cool slowly; (6) when 
cooled, the cast is removed from the 
mould. 

Such a preparation is clear, transparent, 
and easy to polish. The plastic closely 
comes in close contact with the block of 
coal, and neither of them crumbles when 
polished. The polymerization being slow, 
the rise of temperature is not appreciable 
and does not affect the coal. 

If Marco 26 C is not available, another 
polyester, Markon 7 may be used. This 
too is transparent, but its colour is darker 
and it is more viscous. 

The polymerization may be hastened 
with the help of an accelerator; but this 


causes a rapid rise in temperature and 


some concomitant difficulties arise: (1) 
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loosening of the supporting layer from 
the remainder of the cast; (2) shrinkage- 
cracks when cooling; and (3) bubble for- 
mation. To avoid this, two mixtures are 
suggested. If a deep penetration of the 
resin is desired, a low viscosity mixture 
can be prepared consisting of 20 gr. resin, 
10 cc. monomer, 1 gr. catalyst, and 4 
drops accelerator; the polymerization 
occurs after about two hours at a tem- 
perature of 45°C. For fine grain em- 
bedding, on the other hand, a high viscosity 
mixture is more suitable consisting of 
50 gr. resin, 8 gr. monomer, 1 gr. catalyst, 
and 6 drops accelerator; the polymeriza- 
tion occurs after 18 hours at 45°C. In 
both cases, polymerization takes place 
without bubbles or shrinkage-cracks. The 
temperatures given above are suitable 
for fresh resin; experience has shown 
that if the resin has been prepared in 
advance, these temperature should be 
reduced. 

In a previous paper, Leclercq and Dis- 
cry ( 1950 ) have described two embedding 
methods suitable for Devonian plants. 
One of these has since been successfully 
adapted to the petrographic study of coal. 
It is not without interest to sum up here 
the differences in application. 

Upper Devonian plant remains are, 
sometimes, impregnated with an iron 
hydroxide substance which retains the 
internal structure. The iron hydroxide 
plus the organic residue becomes opaque 
and, for that reason, unsuitable for thin 
sections. On the other hand, the mineral 
substance is friable, so that the specimen 
usually a tiny fragment, a few millimeter in 
length impregnated with iron hydroxide 
must be hardened to be easily embedded 
and polished for microscopic examination 
under strong reflected light. 
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The technique consists of several suc- 
cessive immersions: (1) absolute alcohol 
(one hour); (2) 50-50 absolute alcohol 
and styrene (two or three hours) under 
vacuum bell in order to facilitate impreg- 
nation ; (3) meanwhile a supporting layer of 
the prepared resin as described on page 222 
in para 1 is allowed to gel in a drying 
oven at 60° C for about 15 minutes; 
(4) the immersed fragment is laid upon 
the jellified surface of the resin; (5) the 
whole system is put under a vacuum bell 
provided with a tap funnel into which the 
remaining part of the fluid prepared resin 
is poured; (6) the resin is slowly dropped 
into the mould, and the latter kept for 30 
minutes under the vacuum bell in order 
to assure a good penetration and removal 
of bubbles; (7) the mould is kept about 
12 hours in a drying oven at 60°-80°C; 
(8) when cooled, the cast is removed from 
the mould (if adhering to the mould, it is 
plunged for a few minutes into boiling 
water). The surface of the cast which 
has remained in contact with air may be 
slightly sticky; in which case the sticky 
film may be removed by polishing. 

The cast is then ready to be cut and 
polished. The cutting is done with a fine- 
toothed disc-saw lubricated with alcohol. 
When the plastic block has been sawed 
to the desired form and level, it is ground 
with carborundum powder number 300, 
then 800. It is further ground on a sheet 
of tin with an English emery B.M. 3034 
mixed with glycerine and finally on a soft 
felt wheel with alumina No. 3 in water 
suspension. 

The use of transparent plastic as em- 
bedding substance is very suitable if the 
study of a specimen requires oriented 
cutting and multiple successive observa- 
tions at pre-determined intervals. 
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STUDIES ON THE STRUCTURE AND DEVELOPMENT 
OF SEEDS OF CUCURBITACEAE 


BAHADUR SINGH 
B. R. College, Agra, India 


Introduction 


This paper is the result of an investiga- 
tion started at the suggestion of Mr. 
E. J. H. Corner. It embodies a study of 
the seeds of Bryonia dioica L., Cucumis 
melo L., Cucurbita pepo L., Cyclanthera 
explodens Naud., Ecballium elaterium A. 
Rich., Lagenaria vulgaris Ser., Luffa 
cylindrica M. Roem., Sicyos angulatus L., 
and Trichosanthes anguina L. 

It was found that in Echinocystis 
wrightit the inner integument does not 
take part in the formation of the seed coat 
(Singh, 1952). Earlier investigators, von 
Höhnel ( 1876 ), Fickel ( 1876 ) and Barber 
(1909), have invariably reported the 
fusion of inner integument with the outer 
to form the seed coat. Höhnel (1876, 
p. 309) writes: ‘ Die inneren Schichten 
des äusseren Integumentes, sowei das 
inner Integument verändern sich gar nicht. 
Die inter-zellularräume bleiben klein, die 
Zellwände dünn und sie werden gegen die 
Reife hin zusammengepresst.”” The struc- 
ture of all the above plants clearly shows 
no trace of an inner integument in mature 
seeds. The only difference noticeable in 
this respect among the different species is 
the time at which the degeneration starts 
and the time at which it is completed. 

Since the earlier literature has already 
been summarized in the paper on Echino- 
cystis wrightii (Singh, 1952), it is un- 
necessary to repeat it. 


Abbreviations 


aer, aerenchyma; chl, chlorenchyma; cot, 
cotyledon; cu, cuticle; e, el, et, layers of 
cells formed by tangential division of outer 
epidermis of outer integument; em, em- 
bryo; en, endosperm; epi, inner epidermis; 
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epl, large-celled outer epidermis of seed 
coat ; epo, outer epidermis of outer integu- 
ment; eps, small-celled outer epidermis of 
seed coat; epu, epidermis of seed coat 
formed of uniform types of cells (not 
distinguishable into epl and eps); es, 
embryo sac; ho, ovular hypodermis ( which 
forms aerenchyma in seed); hs, seed 
hypodermis; ie, external or outer integu- 
ment; 7, internal integument; :z, inner 
zone of ie which becomes chl on ripening; 
m, micropyle; n, nucellus; nb, nucellar 
beak; pt, pollen tube; scl, sclerenchyma 
layer; vb, vascular bundle. 


Material and Methods 


Some of the fresh material of Bryonia 
dioica was put at my disposal by Mr. 
E. J. H. Corner, the rest was fixed by me 
from wild plants growing in the neighbour- 
hood of Cambridge. Open flowers and 
seeds of Cylanthera explodens, Ecballium 
elaterium and Sicyos angulatus were fixed 
from the Botanic Gardens, Cambridge, 
with the kind permission of Mr. J. Gil- 
mour, Director. Seeds of the rest were 
collected for me by Mr. R. L. Paliwal at 
Agra. 


Formalin-acetic-alcohol was used as a 


fixative, while 70 per cent ethyl alcohol 
was used for storage of the material 
which was passed through tertiary-butyl- 
alcohol series; sections were cut 12-20 u 
thick and stained with safranin fast green 
combination. Hand sections of ripe seeds 
were cut for the study of mature tissues, 


Ovule 


The ovules are bitegmic and anatropous, 
and, except in Sicyos angulatus which has a 
single pendulous ovule, arise on bifurcated 
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flanks of parietal placentae which vary 
in number. In Cyclanthera explodens 
generally there are only two placentae, in 
others three, while in Bryonia dioica as well 
as Ecballium elaterium the third placenta 
may sometimes abort. 2 

The placental flanks are the places of 
origin of ovules which may arise in 
varying numbers in different genera as 
also found by Kirkwood (1905) and 
Kratzer (1918). In Bryonta dioica as 
well as Cyclanthera explodens there is 
always a single row of ovules on each 
flank, while Luffa cylindrica and Cucumis 
melo have two, and Lagenaria vulgaris and 
Cucurbita pepo have two to several. 

The position of ovules is of interest 
both with respect to their proximal or dis- 
tal place on the placental flank and to the 
axis of the ovary. All ovules in a flower 
may not be at the same stage of develop- 
ment; they show differences in their sizes 
as well as the position of their micropylar 
ends with respect to the axis of the ovary 
( see also Kirkwood, 1905 ). Mature ovules 
in Cucumis melo, Langenaria vulgaris, 
Luffa cylindrica, Ecballium elaterium and 
Bryonia dioica generally lie horizontally 
and at right angles to the long axis of the 
ovary with the micropyle facing out. In 
Cyclanthera explodens they are somewhat 
obliquely placed with the micropyle facing 
up, while in Sicyos angulatus there is a 
single pendulous ovule with its micropyle 
always facing the stigma. 

NUCELLUS — There is a massive beak- 
shaped nucellus. In Bryonia dioica, Cucu- 
mis melo, Ecballium eleterium and Lagenaria 
vulgaris ( Fig. 1, A, B) the beak stops 
short of the micropyle, while in Cucurbita 
pepo, Sicyos angulatus and Trichosanthes 
anguina it reaches up to the tip of the 
integument ( Fig. 1 C). 

The greater part of the nucellar beak is 
destroyed in most cases by the entry of 
the pollen tube, the size of which differs 
in different members. Thus, in various 
species of Cucurbita, Longo (1903) has 
shown that the pollen tube is quite broad 
and branches from it even enter the inner 
layers of the micropylar part of the outer 
integument. In Citrullus vulgaris he finds 
an unbranched narrow pollen tube. Krat- 
zer (1918) states that the pollen tube in 
Momordica, Echinocystis and Cyclanthera 
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Fie. 1 — L.S. ovules; A, Bryonia dioica, x 
72; B, Cucumis melo, x 90; C, Sicyos angulatus, 
inside ovary, X 5. 


is quite broad, while in Ecballium it is of 
medium width and in Thladiantha and 
Cucumis it is quite narrow. I also find 
the pollen tube in Ecballium elaterium to 
be of a medium size. 

Sicyos angulatus presents an interesting 
case where a bicelled embryo is recognized 
in a flower with closed petals and the 
entire nucellar beak intact (Fig. 1 C). 

Thenucellar epidermis is always a single- 
layered tissue composed of almost iso- 
diametric cells which are able to keep pace 
with the growth of the inner nucellar 
tissue by radial divisions. The inner 
tissue continues to divide and grow in 
size up to the mature embryo sac stage. 
Further growth of the nucellus results only 
from the enlargement of its cells. 

THE INNER INTEGUMENT — The major 
part of the inner integument is formed of 
two or three layers of cells only. Some- 
times, at the base, the number may 
increase up to four layers, but in the 
region of the nucellar beak which appears 
to be the broadest part of the integument, 
the greater width is attained partly by the 
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larger size of cells and partly by an in- 
crease in the number of cell layers from 
three to five. The micropyle is formed 
by the inner integument ( Fig. 1, A-C). 
As the ovule grows vigorously, the 
growing nucellus presses the inner integu- 
ment against the outer. 

THE OUTER INTEGUMENT — It varies 
in thickness from 6 to 8 layers in Bryonia 
dioica,Cyclanthera explodens, Cucumis melo, 
Lagenaria vulgaris; and from 8 to 10 layers 
in Cucurbita pepo, Ecballium elaterium, 
Luffa cylindrica and Trichosanthes an- 
guina. Inthe region of the vascular bun- 
dle, how ever, the number of cell layers 
forming the outer integument may be as 
high as 15-20. 

All the cells of the outer integument, 
excepting those of the outer epidermis, 
are more or less alike (Fig. 2, A-F). The 
outer epidermal cells are slightly bigger. 
They are polygonal in surface view and 
more or less isodiametric. In mature 
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Fic. 2 — LS. parts of integuments; A, Cucu- 
mis melo in the region of nucellar beak; B, from 
lower part of the ovule: C, Ecballium elaterium 
near base of nucellar beak; D, Luffa cylindrica 
from the sides; E, F, Lagenaria vulgaris from 
the sides before and at the time of fertilization 
of embryo sac respectively. All, x 162-5. 
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ovules the epidermal cells of the outer 
integument, lying in the micropylar region, 
show a radial elongation, followed by the 
cells at the chalazal end. Eventually, 
however, the epidermal cells of the sides 
also elongate considerably. In some cases 
tangential divisions of the epidermal cells 
in the micropylar region may start even 
before fertilization. The division of these 
cells was observed in closed buds in 
Sicyos angulatus. 

I have observed that in Cyclanthera 
explodens the vascular bundle entering the 
ovule branches and ramifies in the inner 


layers of the outer integument (Fig. 3, B). » 


Kratzer ( 1918 ) found the same in Momor- 
dica. In all other cases it remains un- 
branched and the vascular strand passes 
along the edge up to the tip of the outer 
integument. As expected, during the 
early stages of seed-formation the vascular 
supply is procambial ( Fig. 3, B), and dif- 
ferentiation into xylem and phloem takes 
place only during advanced stages of 
seed development. 


Seed Development 


CHANGES IN THE NUCELLUS — As soon 
as endosperm formation starts, the nucel- 
lus increases enormously in size. Ac- 
companying this enlargement is the dis- 
integration of its central cells, which 
continues almost to the base. Ultimately 
only a few layers of nucellar cells are left 
enveloping the endosperm. Kirkwood 
(1905) reports the same in the plants 
studied by him. 

The outer wall of the nucellar epidermis 
is slightly thickened in all the plants 
studied by me. The inner layers consist 
of greatly elongated thin-walled cells with 
poor cell contents. 

The endosperm, which becomes enor- 
mous, begins development with free 
nuclear divisions but later becomes cellular 
and reaches down almost to the base. 
It is ultimately nearly consumed by the 
growing embryo. 

CHANGES IN INNER INTEGUMENT— 
The stage at which degeneration of the 
inner integument begins and the stage at 
which it is completed differ in different 
genera. Degeneration begins at the sides 


and advances towards the chalaza. The ! 


een 


1953] SINGH—STRUCTURE AND DEVELOPMENT OF SEEDS OF CUCURBITACEAE 


micropylar part is the last to degenerate. 
In Bryonia dioica, Ecballium elaterium and 
Sicyos angulatus degeneration is more or 
less completed by the time the ovule 
reaches the mature embryo sac stage 
( Fig. 3, A, C, E, F), while in Cucurbita 
pepo, Cucumis melo and Lagenaria vulgaris 
this happens at the time of fertilization 
KBie..2,..F‘). 

Luffa cylindrica appears to be the only 
exception among the plants so far studied 
by me, where the inner integument 
persists longer and can be made out in 
young seeds with a globular proembryo 
and unripe seed coat (Fig. 3, D). 

Hohnel (1876) states that the inner 
integument persists in Cucurbita pepo and 
is fused with the outer integument. His 
Fig. 7 shows, however, the beginning of 
degeneration of a part of the inner integu- 
ment. Fickel ( 1876) and Barber ( 1909 ) 
also think that the seed coat is developed 
from two integuments. The fact that 
hypodermal and sometimes the sub- 
hypodermal cells of the outer integument 
also divide tangentially has been over- 
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looked by these investigators. The in- 
crease in the number of inner layers ( aer, 
iz in my Figs. 9, B, H, 1; 10, A, B) in the 
seed coat seems to have misled them to 
suppose that the inner integument is 
fused with the outer. Kratzer’s (1918) 
statements are nearer the truth. He says: 
““ Das inner Integument hat seine Zellagen 
nicht mehr vermehrt, sondern im Gegenteil 
gewöhnlich vermindert. Es besteht bei 
allen Cucurbitaceen die Neigung zum 
Abortus des inner Integumentes. Gewöhn- 
lich beginnen von den drei Lagen in 
der mittleren and basalen Partie schon 
frühzeitig zwei mehr oder weniger zu 
verkümmern, während die dritte nach- 
träglich mit den aussen Integument 
verklebt.” I differ from him only in so 
far as he mentions a coalescence of the 
third layer with the outer integument, 
for it is the entire inner integument which 
is lost during seed formation. Even in 
Luffa cylindrica, which has a somewhat 
more persistent inner integument than 
others, this organ is wholly lost in the 
ripe seed. 


es 
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Fic. 3 — L.S. parts of integuments of slightly older ovules than in Fig. 2; A, Bryonia dioica; 
B, Cyclanthera PIAS : C, Ecballium elaterium; D, Luffa cylindrica; E, Sicyos angulatus from 
side and F, the same from near the base of the nucellar beak. All, x 260. 
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CHANGES IN OUTER INTEGUMENT — 
Soon after their radial elongation the epi- 
dermal cells, as stated above, begin to 
divide tangentially. Divisions take place 
first in the micropylar region and then in 
the chalazal. The epidermal cells on the 
sides are the last to divide. As described 
for Echinocystis wrightit- (Singh, 1952), 
the inner layer e!, formed by the first divi- 
sion, does not divide further (Figs. 2, A, C; 
3, A-C, F; 4, AH). 

As described by Kratzer (1918) the 
second tangential division of the epidermal 
cells results in the layers e and e!!, Krat- 
zer states that e does not undergo any 
further divisions and forms the permanent 
epidermis. In my opinion this is not 
true of all the seeds of the Cucurbitaceae. 
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As in Echinocystis wrightii (Singh, 1952) 
e and e!! both contribute here and there 
to the formation of the seed hypodermis 
hs ( Fig. 4, D-F ). Divisions of e and el! 
are most marked in Sicyos angulatus 
(Fig. 4, F) where a broad tissue is at | 
first formed outside the layer e!. The 
fate of this tissue is described later. | 
When tangential divisions are over, the 
epidermis grows in size. In Bryonia | 
dioica this growth is quite enormous near | 
the tip of the seed but less conspicuous ! 
near the base; the cells in the middle ! 
are very feebly elongated ( Fig. 5, A-C). « 
In Cucumis melo, Ecballium elaterium, | 
Luffa cylindrica, Lagenaria vulgaris and 
Trichosanthes anguina the epidermal cells « 
on the flat sides of the seed become 


HG. 4— L.S. parts of outer integuments showing divisions of outer epidermal cells or their 
derivatives; A, Cucurbita pepo; B, Lagenaria vulgaris; C-E,, Luffa cylindrica successively older 
stages; F-H, Sicyos angulatus; F, before elongation of el; G, from side: and H, from near the base 


of nucellar beak, showing full development of el. 


B, x 720; others, X 260. 
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Fic. 5—L.S. parts of seed coats; A-C, Bryonia dioica from apex, sides and base respec- 
tively; D, E, Cucurbita pepo, from side and middle of seed coat respectively; F, Cucumis melo; 
G H, Cyclanthera explodens from sides, the first slightly before maturity, and the second from a 


tipe seed. A-E, x 320; F-H, x c. 217. 


enormously elongated in the radial direc- 
tion (Figs. 5, F;6,A,B,D,F). In Cyclan- 
thera explodens the epidermal cells do not 
become very large, but are slightly thick- 
walled (Fig. 5, G, H). In Cucurbita pepo 
the epidermal cells of the ridge are small 
but those on the flat sides are quite large 
(Fig. 5, D, eps, epl; E), others at the 
margin of the bulged-out part of the flat 
side are extremely elongated and bent 
ver to cover a considerable number of 
those on the ridge. The epidermal cells 
at the extreme tip and base of the seeds of 
Bryonia dioica, Cyclanthera explodens, 


Lagenaria vulgaris and Luffa cylindrica 
are always very small. Those on the 
edge of the seed of Sicyos angulatus are of 
two types. Small epidermal cells are 
found in the region of the several layered 
sub-epidermal tissue, and large ones 
where there are only three layers of sub- 
epidermal tissue hs (Fig. 4,G). On the 
sides the epidermal cells are more or less 
isodiametric and thin-walled. 

The sub-epidermal tissue, or seed hypo- 
dermis, comprises the cells lying between 
the epidermis and layer el, This tissue 
has a variable number of cell layers in 
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different genera and species, and may 
even differ in different parts of a seed. 
Thus at the tip and base of the seeds of 
Bryonta dioica ( Fig. 5, A, C), Cyclanthera 
explodens and Luffa cylindrica ( Figs. 6, C; 
7, D), the sub-epidermis is composed of 
many cell layers while at the sides 5 
layers are present in Luffa cylindrica 
(Fig. 6, B), and a single layer in Bryonia 
dioica, Ecballium elaterium and Sicyos 
angulatus (Figs. 5, B; 6, A, E respec- 
tively). In Sicyos angulatus the seed 
hypodermis is formed by tangential divi- 
sions of the layers e and e.4 While 
these divisions continue, the inner layers 
are crushed ( Fig. 4, F), and replaced by 
the adjacent layers which also meet the 
same fate. Finally, when the seed is 
maturing, it develops an uneven surface 
at the edge caused by the development of 
little ridges and furrows. There may be 


Fic. 6— L.S. part of seed coat; B, and E 
mature, others young seed coats; A, Ecballium 
elaterium; B, C, Luffa cylindrica from side 
and apex respectively; D, Lagenaria vulgaris; 
E, Sicvos angulatus; F, Trichosanthes anguina; 
APD, By & S20; BC, E; X°162:5i 


PHY TOMORPHOLOGY 


[ July 


one to three layers of sub-epidermal cells 
in the furrows, and five or more layers in 
the ridges. On the side in the middle 
region, only one layer of the seed hypo- 
dermis persists, but the micropylar region 
always contains a large number of sub- 
epidermal layers. 

In Cucurbita pepo the seed hypodermis 
comprises only three to six layers of cells 
at the sides, increasing to many layers 
towards the basal and micropylar ends. 
Cucumis melo also has three layers on the 
sides but many more at the base and apex. 
Luffa cylindrica has five on the sides 
( Fig. 6, B, As ) but a much larger number 
at the base (Fig. 6, C) and tip. In 
Trichosanthes anguina ( Fig. 6, F ) there are 
6-8 layers of sub-epidermal cells on the 
sides, while in Lagenaria vulgaris the 
number may go up to thirteen or more 
( Fig. 6, D). 

As stated above, the inner layer of cells 
(ec!) formed by the first tangential divi- 
sion of the epidermis does not divide 
again but becomes thickened and scleren- 
chymatous. Its cells may elongate radi- 
ally to form a palisade-like tissue ( see scl 
in Figs. 5,A,.B,:F} 7,0 Bis, RADARS 
E, H, L) or there may be a tangential elon- 
gation (Fig. 8, G). Godfrin (1880) 
divides Cucurbitaceous seeds into two 
groups based on the tangential or radial 
elongation of this layer. How far this 
grouping is natural is difficult to say 
until a large number of seeds has been 
examined. 

The extent to which the cells of the pro- 
tective layer increase in size differs a 
good deal in different regions of some 
seeds (Fig. 7, A, E,—H). The growth 
is always most marked in the micro- 
pylar region except for the fact that the 
layer always stops short of the extreme 
tip of a seed (Fig. 7, A, C—E). Cross- 
sections through the micropyle show that 
the protective layer ( scl ) does not form a 
complete ring here (Fig. 7, F, G) asin the 
lower part of the seed ( Fig. 7,H). It is 
divided into two halves along the edge thus 
enabling the inner aerenchyma to join 
with the seed hypodermis. This seems 
to be a device for easy germination. On 
account of the absorption of water the 
aerenchyma, along with the chlorenchyma 
to be presently described, swells up and 
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forces apart the micropylar halves of the 
sclerenchymatous protective covering. 
The peg developed in the seedling of the 
Cucurbitaceae also assists in this process 
and the radicle easily emerges out of the 
seed coat. 

The hypodermis divides a variable 
number of times in different plants and 
there may also be a variation in this 
respect in different regions of the seed. 
In Bryonia dioica it may not divide at all 
or three may be one or two divisions 
only near the nucellar beak. In Cucurbita 
pepo, Cucumis melo and Cyclanthera ex- 
plodens also one, two or three tangential 
divisions may take place, and in Luffa 
cylindrica and Lagenaria vulgaris four or 
five on the sides of the seed. Near the 
base of the nucellar beak the number 
may be still larger. 
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The layers of cells lying below the hypo- 
dermis and just within the epidermis may 
vary from three to five or more in different 
plants. They are parenchymatous in 
nature. They undergo much tangential 
elongation during the development of 
seed and show only a few tangential 
divisions in some cases. In Cyclanthera 
explodens, Cucurbita pepo, Cucumis melo, 
Luffa cylindrica and Lagenaria vulgaris 
there are no tangential divisions, but in 
Sicyos angulatus and Trichosanthes anguina 
its cells may divide a couple of times. 

In the upper region, on the sides of the 
nucellar beak, there appears a conspi- 
cuous decrease in the number of the 
internal layers of the seed coat so that the 
sclerenchymatous layers of the two sides 
of the seed come closer to each other 
(Figs PAT C= PBs 9 A SE) 


> 


Fic. 7— Sections of seeds showing arrangement of tissues in the seed coats; A, l.s. young seed of 
Cyclanthera explodens ; B, t.s. seed of Cucurbita pepo, only a few days before ripening; note the ligni- 
fied rods in epl and their absence from eps; C, l.s. young seed of Ecballium elaterium; D, 1s. mature 
seed of Luffa cylindrica; E, 1.s. seed of Lagenaria vulgaris, a few days before maturing ; F-H, cross- 
sections of E at levels slightly below apex, apex of embryo and near the middle of seed. All, x 33. 


Fic. 8 — L.S. sclerenchymatous layer in seed coats: A, Bryonia dioica; B, Cucurbita pepo; 
C, Cyclanthera explodens; D, Ecballium elaterium; E-G, Lagenaria vulgaris (E, in level with 
nucellar beak; F, from sides of seed coat just below nucellar beak; G, from side just above the 
basal region); H, Luffa cylindrica; L, Trichosanthes anguina; I-K, cross-sections of scleren- 
chyma cell from seed coat of Sicyos angulatus; I, from middle; J, near inner end; K, close to 
outer surface. A, E, x 160; C, x 900; others, x 325. 


a 
Fic. 9 — L.S. through inner layers of seed coat of: A, at micropylar end of Bryonia dioica; 


B, from sides showing aerenchyma and chlorenchyma layers of Cucurbita pepo; C, same from 
Cyclanthera explodens; D, Cucumis melo with addition of nucellus, endosperm and embryo; E, 
micropylar end of Ecballium elaterium with persistent pollen tube in the nucellar beak; F, aeren- 
chyma from sides of Luffa cylindrica; G, Ls. part of nucellus and embryo of Luffa cyclindrica; 
H, inner layers of seed coat from sides in Lagenaria vulgaris; note the feeble growth of sclerenchyma 
in this region of seed; I, inner layer of testa along with part of nucellus and endosperm of 
Trichosanthes anguina. A, B, E, I, x 128: C, D, F-H, x 260. 
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Fic. 10 — A, B, Ls. part of inner layers of Sicyos angulatus seed coat; C, epidermal cell of 
mature seed coat of Cucurbita pepo; D, E, tangential sections of mature epidermal cells of 
Ecballium elaterium and Lagenaria vulgaris respectively. C, X 267; others, x c. 217. 


The inner epidermis of the outer integu- 
ment persists ( Fig. 9, B—D, 1) to form 
a tissue of comparatively smaller cells 
rich in cytoplasm. It lies in contact 
with the epidermis of the nucellus. 


Mature Seed 


Mature seeds, which differ a good deal 
in texture as well as form, nevertheless 
show certain basic similarities in internal 
structure that can be easily recognized 
as a family character (see Netolitzky, 
1926 ). 

The epidermal cells which, as stated 
above, are thin-walled and _ elongated 
radially or tangentially, develop peculiar 
types of lignified tubular or rod-shaped 
thickenings on the walls running in the 
radial direction from the inside outwards 
( Fig. 10, C). The shape as well as thick- 
ness and height to which these lignifica- 
tions extend in a cell differ in different 
plants. 

It has been stated above that in Cucur- 
bita pepo the longest epidermal cells 
occur on the bulged-out part of the flat 
side (Fig. 5, D, efl). These marginal, 
extremely elongated, epidermal cells dev- 
elop the most prominent lignified rods 
arising from the base, mostly above the 
transverse radial walls ( Fig. 10, C). The 
upper parts of these rods are finely 
divided and reach only up to three-fourths 


of the entire cell length. The size of the 
epidermal cells, as well as of their thick- 
ened rods, gradually decreases towards 
the bulge in the middle part of which the 
thickening in the epidermal cells may be 
extremely feeble or even absent. Again, 


the small epidermal cells of the ridge show ~ 


no such lignification. None of the pre- 
vious authors has drawn attention to this 
variability in the size of the cells, their 
peculiar double arrangement along the 
ridge and the variability of the extent of 
lignification in the different parts of the 
seed. Interesting though this arrange- 
ment appears to be, it is not possible for 
me at this stage to give any satisfactory 
explanation for it. 

Lignifications in the epidermis of Luffa 
cylindrica are simple and rod-like ( Fig. 
6, B). They run indiscriminately along 


all the radial walls of the cell and fuse © 


with the outer wall. 
are more or less wavy, the rods of lignin 
also appear to be so. The epidermis at 
maturity contains some dark contents 
mainly deposited near the outer wall. 
In Lagenaria vulgaris the lignifications 
arise, much like those in Luffa cylindrica, 
at the base of the cell and travel indis- 
criminately along any of the radial walls 
but they appear to be tubular rather than 
rod-like. They finally reach the outer 
wall (Fig. 10, E) on touching which a core 
of lignin spreads along the margin. In 


As the radial walls | 


| lignification. 
| do not develop any lignin but possess a 


fo, B). 
| these contents. 


SINGH — STRUCTURE AND DEVELOPMENT OF SEEDS OF CUCURBITACEAE 235 


dry seeds the cellulose walls of the epi- 
dermis appear to disintegrate leaving only 
the lignified areas which appear to form a 
polygonal net standing on tall slender 
tubes of lignin. In tangential sections of 
Cucumis melo the epidermis reveals a still 
larger number of the lignified regions on 
all the radial walls (Fig. 10, D). Kratzer 
(1918) also describes rod-like structures 
running along the horizontal walls of the 
epidermis in Cucumis. The epidermal cells 
of Sicyos angulatus are small and the rods 
of lignin present on the radial walls are 
still smaller. Some of them show bifur- 
cated bases ( Fig. 6, E), others appear to 
run more or less parallel to each other. 
The epidermis in Cyclanthera explodens 
is formed of slightly thick-walled cells 
with a prominent cuticle but no lignified 
rods. 

The seed hypodermis in Bryonia dioica, 
Ecballium elaterium and Sicyos angulatus 
is single, layered and thin-walled on the 


| sides of the seed. At the base and apex 


also it is many-layered and formed of 
parenchymatous cells. In Luffa cylindrica 
it is formed of five layers of cells on the 
sides but is many-layered at the base and 
the tip. The innermost layer, in contact 
with the sclerenchymatous region, be- 
comes heavily lignified, while the next two 
layers show a gradual decrease in their 
The two outermost layers 


lining layer with darkly stained contents 
like those present in the epidermis ( Fig. 
The colour of the seed is due to 


_ Cucurbita pepo is peculiar in showing 
fine reticulations on the walls of the seed 
 hypodermis as well as the aerenchyma. 
Höhnel ( 1876) and Kratzer ( 1918) have 


| also drawn attention to this feature in 
| Cucurbita. 


The seed hypodermis in Lage- 
naria vulgaris is composed of somewhat 
tangentially elongated cells with sinuate 
radial walls, the thickness of which gra- 


| dually decreases from within outwards. 


: There are small intercellular spaces in 
the seed hypodermis in the tip region. 
Along the flat surface of the sides the 
‘tissue is compact ( Fig. 6, D ), while large 
air spaces may be seen along the edge 


| (Fig. 7,H). The variability of the extent 


of seed hypodermis (As) and other 


tissues in some of the seeds studied is 
illustrated in Fig. 7, A-H. 

The next tissue within the seed hypo- 
dermis is the single-layered protective 
covering scl of Godfrin (1880) which 
becomes heavily lignified in mature seeds. 
This is very characteristic of the seeds of 
the Cucurbitaceae. Its cells may be 
radially or tangentially elongated. They 
may lie obliquely or transversely to the 
long axis of the seed, may be more or less 
isodiametric or very irregular in outline. 
In Lagenaria vulgaris the development of 
the sclerenchymatous layer is extremely 
poor on the sides of the seeds (Fig. 6, D), 
but it is progressively better developed 
and has thicker walls towards the tip 
(compare Fig. 6, D with Fig. 8, E—G) 
where the cells are extremely irregular in 
shape and in sections this tissue appears 
to be composed of several layers of cells, 
but the developmental sequence and mace- 
rations clearly show that the sclerenchyma 
is really a single-layered tissue throughout. 
This is true of all the Cucurbitaceae 
studied by me and my findings are in 
agreement with those of Höhnel ( 1876) 
and Fickel (1876). Kratzer (1918), 
however, considers that the cells of this 
tissue may sometimes divide, especially in 
Benincasa, Lagenaria, Cucurbita and Tri- 
chosanthes. 

Bryonia dioica has obliquely placed 
palisade-like cells with very irregular 
thickenings on their walls (Fig. 5, B). 
This irregularity is more marked in the 
micropylar region (Fig. 5, A). In Cucu- 
mis melo also the cells are obliquely elon- 
gated (Fig. 5, F) and very irregular in 
shape in the upper third of the seed. 
Godfrin’s (1880) description of these 
being tangentially elongated in Cucumis, 
Lagenaria, Cucurbita and Citrullus appears 
to be based on sections taken from the 
sides of the seed only. The general plan 
in Cucumis melo is the same as in Lagenaria 
vulgaris described above. Cyclanthera 
explodens (Figs. 5, G, H; 8, C) shows more 
or less isodiametric cells as also reported 
by Kratzer (1918). The radial walls of 
these isodiametric cells are heavily ligni- 
fied in the middle, and towards the ends 
they become extremely sinuate so that 
in a longitudinal section the lumen appears 
to be divided into a number of branches. 
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This deceptive appearance led Kratzer 
(1918) to believe that the lumen is 
branched. Similar thickenings and a 
sinuate ending are found in the radially 
elongated cells of Sicyos angulatus ( Fig. 
6, E, scl ) and Luffa cylindrica ( Fig. 8, H, 
scl) and resembles that found in Echino- 
cystis wrightii ( Singh, 1952). Cross-sec- 
tions of a sclerenchyma cell of Sicyos 
angulatus at various levels show this 
feature clearly (Fig. 8, I-K). Ecbal- 
lium elaterium differs from the above in 
having uniform thickening of the radially 
elongated sclerenchymatous cells ( Fig. 
8,D). There are a large number of plas- 
modesma connections in the radial walls 
and the lumen is extremely reduced. The 
irregular cells in the apical region of 
Trichosanthes anguina also show slight 
sinuations of the ends of the radial walls 
(Fig. 8, L). The sclerenchyma cells on 
the sides of the seed are smaller in size 
and have uniformly thickened walls ( Fig. 
0,1% 

The tissue lying immediately within the 
sclerenchymatous layer is derived from the 
ovular hypodermis. It becomes aerenchy- 
matous in mature seeds and may be only 
2- to 4-layered or occasionally 8- to 10- 
layered. As a rule, the aerenchyma is 
not so well developed on the sides as at 
the two ends of the seed, more so near the 
lower part of the nucellar beak than at 
the base of the seed. In most cases the 
cells are stellate and have a large number 
of intercellular spaces. At the extreme 
tip of the seed, as stated above, the 
aerenchyma as well as chlorenchyma, 
which forms the innermost tissue of the 
seed coat, are very poorly developed so 
that the sclerenchymatous layers of the 
two sides come close to one another 
(Fig. 9, A, E). There are four layers of 
aerenchyma cells in Cucurbita pepo. These 
have very characteristic reticulate thicken- 
ings on their walls and the intercellular 
air spaces are large, In this species the 
cells of the aerenchyma are easily dis- 
tinguishable from those of the chloren- 
chyma ( Fig. 9, B). In Cucumis melo the 
aerenchymatous region merges imper- 
ceptibly into the chlorenchyma ( Fig. 
9, D), while Cycanthera explodens possesses 
a well-marked aerenchyma like that of 
Luffa cylindrica, Lagenaria vulgaris, Sicyos 
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angulatus and Trichosanthes anguina 
(Figs, 9,6 PREIS 28% 

The innermost part of the seed coat, 
developed from the sub-hypodermal layers 
only of the outer integument, becomes 
chlorenchymatous. In dry seeds it usually 
separates as a thin green membrane, 
closely enveloping the remains of the 
nucellus and the endosperm. In Cucur- 
bita pepo the cells of chlorenchyma remain 
thin-walled and compact. Those imme- 
diately in contact with the aerenchyma 
are slightly bigger than the inner layers 
whose size gradually decreases. All cells 
are, however, more or less tangentially 
elongated (Fig. 9,B). The inner epi- 
dermis has more or less isodiametric cells. 
In Cucumis melo, as stated above, it is not 
possible to demarcate the boundary of 
aerenchyma from chlorenchyma because 
of the aerenchymatous nature of the latter 
tissue as well (Fig. 9,D). The inner 
epidermis in this case is also formed of 
small green cells, which, however, are 
slightly tangentially elongated (Fig. 9, D). 
Cyclanthera explodens, Lagenaria vulgaris 
and Trichosanthes anguina have a compact 
chlorenchyma formed of three or four 
layers of cells which abut on the small- 
celled inner epidermis. The cells of 
chlorenchyma in the outermost two layers 
are far more tangentially elongated than 
those of the innermost layer. The chlo- 
renchyma tissue in Sicyos angulatus is 
broad and it may be formed of as many as 
10-12 layers of thin-walled green cells 
with a few intercellular spaces. Cells of 
the inner epidermis are small and full of 
chlorophyll (Fig. 10, B). 

Embedded within the seed coat and 
forming a lining layer of the testa are the 
vestigial remains of the 2- to 3- or 4-layered 
nucellus. The nucellar epidermis has a 
cuticle which may be thick in some cases. 
The cells are tangentially elongated like 
the rest of the nucellar tissue which 
persists up to this stage. They are free 
of cell contents ( Figs. 9, D, H, I; 10, B). 

The endosperm is very poorly represen- 
ted in the mature seed. It may form a 
single layer of cells just outside the em- 
bryo, or at places there may be even 
two layers ( Figs. 9,D; 10,B). In some 
cases, however, as in Luffa cylindrica and 
Trichosanthes anguina (Fig. 9, G, I), there 
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is no trace of endosperm left on the sides 
of the mature seed. In such cases the 
embryo comes to lie directly in contact 
with the nucellus. Some cells of endo- 
sperm, however, still persist near the 
cotyledonary tips. 

At maturity the embryo is formed of 
two leafy cotyledons with prominent 
midrib and a few side ribs. The epidermis 
of cotyledons is always formed of small 
cells ( Fig. 9,G). The mesophyll, which 
may be formed of varying number of cell 
layers, from 6 to 10 or more, consists of 
more or less palisade-like cells, of which 
those nearest the upper epidermis are 
better developed than those below. 


Conclusion 


At present there are two widely diver- 
gent views regarding the natural place of 
Cucurbitaceae among the families - of 
flowering plants. Some systematists 
(Engler, 1889; Wettstein, 1911) place 
it in the Sympetalae because of the gamo- 
petalous corolla, while others ( Vuillerin, 
1923; Rendle, 1925; Hutchinson, 1926 ) 
think that its proper place is in the Poly- 
petaleae. The former view, however, is 
not well grounded so far as the structure 
of ovule is concerned. The ovule of 
Cucurbitaceae has two integuments and 
a massive nucellus, and the megaspore 
‘mother cell is always deep seated ( Kirk- 
wood, 1905; Paliwal, 1950; Singh, 1952). 
In the Sympetalae the ovule is tenui- 


nucellate and, as stated by Maheshwari 
(1950), the single massive integument is 
almost universal. To force Cucurbitaceae 
among Sympetalae on the single character 
of gamopetalous corolla would be hardly 
justifiable. According to Coulter (1905) 
also this has been applied arbitrarily. 
Bentham and Hooker ( 1862-83 ) place 
Cucurbitaceae in the order Passiflorales 
comprising Samydaceae, Loasaceae, Turn- 
eraceae, Passifloraceae, Cucurbitaceae, 
Begoniaceae and Datiscaceae. Vuillerin 
(1923) thinks that Balanophoraceae, 
Rafflesiaceae, Datiscaceae, Begoniaceae, 
Nepenthaceae, Cucurbitaceae and Aristo- 
lochiaceae form a natural group. Rendle 
(1925) considers that Cucurbitaceae 
should form a common group Peponiferae 
with Begoniaceae and Datiscaceae only, 
while Hutchinson ( 1926 ) is of the opinion 
that the order Cucurbitales should contain, 
besides Cucurbitaceae, Begoniaceae and 
Datiscaceae, the family Caricaceae also. 
The inclusion of Caricaceae with supe- 
rior ovary among families with inferior 
ovaries might appear at first sight un- 
natural. In the Cucurbitaceae there is an 
instance of a cultivated cucurbit with 
semi-inferior ovary. The structure of the 
mature seeds of Caricaceae ( Netolitzky, 
1926) resembles that of Cucurbitaceae. 
The genera Momordica and Cyclanthera, 
which have wrinkled seeds, appear to be 
essentially similar. The following com- 
parison of the seed structures of the two 
families shows this resemblance. 


CUCURBITACEAE 


: 1. Epidermis of wrinkled seeds formed of big 
cells in furrows and small cells against the 
ridges. 

2. Seed hypodermis of wrinkled seeds with large 
number of cell layers in ridges than in furrows. 

3. The sclerenchymatous zone is composed of a 
single layer of radially elongated or obliquely 
placed palisade-like cells. 


| 4. The aerenchyma of thin-walled cells; reti- 
|.  culate thickenings in Cucurbita. 

| 5, Chlorenchyma of tangentially elongated nar- 
| row cells, through which region passes the 
vascular supply of the seed formed of branched 
bundles in Momordica and Cyclanthera, and a 
single vascular bundle in the other genera so 
1 far studied. 

| 6. Inner epidermis generally of small cells. 


CARICACEAE 


1. Sarcotesta with small epidermal cells 
against ridges and several layers of big cells 
against furrows ( Foster, 1943 ). 

2. Endotesta in ridges formed of many more 
layers of cells than in furrows. 

3. The single-layered palisade cells of Jacaratia 
( Kratzer, 1918 ), and obliquely placed cells 
of Carica immediately beneath the endotesta 
( Kratzer, 1918 ). 

4. Single layer of thin-walled cells. 


5. Chlorenchyma of tangentially elongated 
narrow cell layers lying next to the above. 
It is through this region that the branched 
vascular bundle passes. 


6. Inner epidermis of small cells. 
chin it Eh res Ent 
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The developmental history of the layers 
stated above, however, according to the 
findings of Kratzer (1918) and Foster 
( 1943 ), differs considerably from that of 
the Cucurbitaceae as found by me. A 
brief sequence of events leading to the 
formation of the seed coat in Cucurbita- 
ceae may be given here before discussing 
that in the Caricaceae. 

In the Cucurbitaceae the outer epidermis 
of the outer integument undergoes two 
tangential divisions to form layers e, 
el and e!!, elis the inner layer resulting 
from the first division and e!!, formed as 
the inner layer after the second division, 
occupies a place between e and el. 

e ultimately grows ( without any further 
divisions ) into the protective sclerenchy- 
matous layer. e contributes a good deal 
towards the formation of seed hypodermis 
or the whole of this tissue may be derived 
from e!!, e may directly form the epidermis 
or may divide tangentially to contribute 
partly to the seed hypodermis. (In the 
mature seed of Sicyos angulatus this tissue 
comes to be formed entirely of the cells 
derived from e.) A great part of the 
ridges is formed by cells derived from the 
division of e in Cycanthera explodens and 
Echinocystis wrightit. 

Regarding the sequence of divisions and 
the origin of different tissues in Caricaceae 
the findings of Kratzer (1918) and 
Foster (1943) may now be considered. 
Both these authors state that the endo- 
testa of Carica is hypodermal in origin. 
Kratzer ( 1918 ) concludes that due to the 
differences in the origin of the endotesta 
(being hypodermal) and the palisade 
layer ( derived from the epidermis of the 
inner integument ) in Caricaceae, from the 
seed hypodermis and the protective layer 
( both from epidermis of the outer integu- 
ment ) in Cucurbitaceae, the resemblance 
between the two is only superficial. His 
Fig. 33, as well as his statement that the 
first row of hypodermis is sometimes 
formed of significantly elongated cells that 
arise from the epidermis, show that the 
endotesta has the same origin as the seed 
hypodermis in the Cucurbitaceae. Fos- 
ter’s Figs. 34, 36 also point towards this 
conclusion. 

Regarding the vascular supply, Foster 
(1943 ) has observed that the procambial 
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strands, in the young ovule, reach up to 
the chalazal end only. The branches of 
the vascular bundle in the mature ovule 
seen by him, only after the sarcotesta 
and endotesta are developel, can hardly 
be relied upon as a clear indication of their 
course in the inner integument. If these 
ramifications of the vascular supply are 
not running in the inner integument but 
through the inner layers of the outer 
integument only, then the obliquely placed 
cells of Carica and radially placed palisade 
cells of Jacratia ( Kratzer, 1918) would 
have a close resemblance with the pro- 
tective sclerenchymatous layer of the 
Cucurbitaceae and would appear to be 
derived from the outer integument rather 
than the inner as these authors state. 
Nothing can, however, be decided at 
present with certainty until the seed 
structure of the Caricaceae and a few 
more of the wrinkled seeds of the Cucur- 
bitaceae have been worked out in greater 
detail. 


Summary 


The ovules are bitegmic, anatropous 
and possess a massive nucellus with a 
beak. 

The seed coat is formed of the tissues 
derived from the outer integument only; 
the inner integument degenerates sooner 
or later and it is completely lost in the 
mature seed. 

The epidermis of the seed coat, the sub- 
epidermal tissue of varying number of 
cell layers, and the single-layered pro- 
tective covering are formed by tangential 
divisions of cells derived from the outer 
epidermis of the outer integument. 

At maturity the epidermal cells of the 
seed coat generally have peculiar rod-like 
thickenings of the radial walls. 

The seed hypodermis, a sub-epidermal 
tissue, becomes thick-walled in some cases, 
Its cells have somewhat dark contents in 
certain seeds. Sometimes it may become 
sclerenchymatous when its cells remain 
thin-walled. 

The protective layer has radially elong- 
ated or obliquely placed palisade-like 
cells of sclerenchyma. Sometimes the 
shape of these cells is very irregular. The 
thickness as well as elongation of these 
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cells may also vary in certain cases. The 
cells lying in the upper third of the seed 
become highly lignified, while on the sides 
the elongation as well as lignification of 
cells may be poor in some cases. In 
others this tissue is very well developed 
throughout the seed. 

The aerenchyma is the next inner 
tissue, It is formed by the divisions of 
cells of the ovular hypodermis. Its cells 
may become stellate and in certain cases 
full of chlorophyll. 

The ovular sub-hypodermis forms the 
chlorenchymatous zone which along with 
aerenchyma gets detached from the outer 
layers of the seed coat by the rupture of 
the outermost layer of aerenchyma in 
dry seeds. 

The vascular supply is formed of a single 
vascular bundle running along the edge 
of the seed in the chlorenchymatous 
layer of the outer integument. This may 
branch after reaching the funiculus, but 


the branches enter the outer integument 
only. 

The seed structure of the Cucurbitaceae 
closely resembles that of Caricaceae. There 
is, however, according to Kratzer (1918) 
and Foster (1943), a great difference in 
the place of origin of the different layers 
in the two cases. It is suggested that a 
closer examination be made of the seeds 
of Caricaceae in order to trace the origin 
of the endotesta and the course of the 
vascular supply. 


It is my most pleasant duty to express 
my grateful thanks to Mr. E. J. H. Corner 
for suggesting me the problem and 
advising me throughout the course of this 
work. My thanks are also due to Prof. 
G. E. Briggs for permitting me to work in 
the Botany School, Cambridge, from May 
1951 to March 1952, and to the Principal, 
B. R. College, Agra, for granting me one 
year’s sabbatical leave. 
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STUDIES IN PTERIDACEAE —I. OBSERVATIONS ON 
GAMETOPHYTES OF SOME SPECIES OF ADIANTUM L. 


P. KACHROO & B. K. NAYAR 
Gauhati University, Assam, India 


Literature on the subject has already 
been reviewed in a previous communi- 
cation ( Kachroo & Nayar, 1952). The 
present communication includes obser- 
vations on the prothalli of Adiantum 
caudatum L., A. lunulatum Burm., A. 
peruvianum Klotz., A. trapenforms L., 
A. concinium Willd., A. heakeeli L. and 
A. venustum Don. 

The species occur wild on the hills and 
plains of India and are favourites for 
garden rockeries. A peculiar feature of 
A. caudatum and A. lunulatum is their 
“ walking habit’. They form buds from 
the leaf apices which aid their gregarious 
growth and serve as an easy mode of 
colonization, sometimes to the complete 
exclusion of other plants except mosses 
and leafy hepatics. 

The ripe spores of A. venustum were 
collected from Dehra Dun ( U.P.); of A. 
peruvianum from plants growing in a 
private garden at Gauhati; of A. cauda- 
tum and A. lunulatum from plants growing 
wild in Gauhati (Assam); and of À. 
trapeziformis, A. concinium and A. heakeeli 
from plants growing in Trivandrum Public 
Gardens (Travancore, South India). 
Knop’s solution (1 per cent) was used 
for multispore and monospore cultures 
and the young gametophytes were raised 
both on Knop’s solution and on sterilized 
canal soil in pots and petri dishes. Young 
gametophytes collected from the field 
with their substratum were also raised 
under similar conditions. Some cultures 
were grown under normal light, some in 
light devoid of ultra-violet rays and a 
few were planted in dark. 


Germination of Spores 


The spores are yellowish, tetrahedral 
with a prominent triradiate mark, a well- 


developed intine and a variously thicken- 
ed exine. In A. caudatum the exine is 
more or less irregularly thickened, the 
thickenings appearing as dots in surface 
view (Fig. 1). In other species, how- 
ever, the exine is more or less smooth 
(Figs. 21, 33, 40, 48,-53, 60). In 
peruvianum the spores vary in shape 
and size due to a shrivelling of the con- 
tents to various extents (Fig. 53, b-d). 
The size of the spores is about 31:9 x 
20:3 p in A. caudatum, 26 x 23:5 u in 
A lunulatum, 21-7 x 25 u in À. peru- 
vianum, 23-5 x 25-5 win A. trapeziformis, 
25:5 x 23-5 uw in A. concinium, 23-5 X 
27:3 w in A. heakeeli and 23 x 25-0 „in 
A. venustum. 

The spores do not require any rest 
period before germination. Under opti- 
mum conditions they germinate readily 
within a week both in Knop’s solution 
and on soil, though all the spores from a 
given sporangium do not germinate within 
that period. Feeble illumination delays 
germination, which is quicker on Knop’s 
solution than on soil. The early stages 
of germination are in general similar to 
those described for A. aethiopicum 
(Kachroo & Nayar, 1952), Cheilanthes 
farinosa, Pityrogramma calomelonos, Pteris 
linearis, P. ensiformis, P. semipinnata, 
P. pellucida and P. longifolia ( unpub- 
lished data). The spores become slightly 
swollen when placed on a moist sub- 
stratum as evidenced by measuring single 
spores mounted on hanging drops in 
Knop’s solution. But this is not a sure 
test of germination. 

The exine ruptures along the triradiate 
mark and the intine protrudes out as a 
germ papilla which has already developed 
chloroplasts ( Figs. 2, 22, 34, 41, 49, 54, 
61). The spore coat adheres to the germ ! 
cell and does not break into pieces except 
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Fics. 1-10 — A. caudatum. Fig. 1. 


Development of filament. Fig. 7. 


Spore. 
Young gametophyte with apical cell and antheridia. 


Figs. 2-4. Germinating stages. Figs. 5, 64 


Fig. 


8. Young gametophyte showing apical cell and transverse meristem (m) in one of the lobes. 


Fig. 9. Asymmetrical gametophyte. 


rarely in A. caudatum and A. lunulatum 
where it splits into three parts ( Figs. 
3, 11, 44). The first rhizoid is given off 
soon after the emergence of the germ 
papilla, but it may be rather late in deve- 
lopment (Figs. 2, 15, 44). It is uni- 
_formly thin-walled, unicellular and in 
most instances with a bulbous base. It 
is always cut off by a wall from the mother 
cell and contains a few degenerating 
chloroplasts. There is no polarity with 
- respect to its formation, but it is negative- 
ly phototropic in contrast to the chloro- 
phyllous filament which is positively 


Fig. 10. Mature gametophyte. 
met-0, xX 125; Vig. 7, x 75; Figs. 8-10, x 6. 
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(a, antheridia; m, meristem; x, apical cell.) 


phototropic. Usually a single rhizoid 
is formed by the germ cell, but occasionally 
two or three are met with in nearly all 
the species ( Figs. 5, 13, 17, 28, 34, 46). 
Rarely they may be branched dichoto- 
mously as in A. caudatum ( Fig. 9). 
Though the early divisions in the 
sporelings are variable, the formation of a 
filament is sine qua non for all the species 
(Figss 445, 23-267 42) 437-50) 55). Its 
growth is influenced mainly by the 
quantity and quality of the light and by 
the substratum. Thus, under feeble illu- 
mination it grows into a long filament 


Fics. 11-20— 4. caudatum. Figs. 11-17. Unhealth 
Terminal cell of unhealthy filament. Fig. 18b. Chloroplasts 
cell of a normal filament. Fig. 


secondary prothallus from injured region of an old prothallus. Figs. 11-17, x 45; Figs. 18a, 19a, 
x 325; Figs. 18b, 19b, x 500; Fig. 20, x 74. 


y young gametophytes. Fig. 18a. 
from the same. Fig. 19a. Terminal 
19b. Chloroplasts from the same. Fig. 20. Formation of 


KACHROO & NAYAR — STUDIES IN PTERIDACEAE — I 


(Figs. 27, 35, 36, 51), whereas under 
optimum conditions a short filament seg- 
mented by a few cross-walls is formed 
( Figs. 24, 50). Under intense illumina- 
tion and low moisture conditions the 
filament comprises just one to two cells 
( Figs. 46, 63). The rhizoid is smaller 
and thicker in strong light and longer 
and narrower in diffuse light. 

The germ papilla elongates into a fila- 
ment usually 4-5 cells long. Later a 
vertical wall is laid down in the ultimate 
or rarely in the penultimate cell and this 
is the forerunner of expansion ( Figs. 6, 
26, 62). Successive vertical and trans- 
verse divisions result in a plate of cells 
( Figs. 28-31, 37, 38, 45, 46, 63) in which 
later an apical cell is demarcated cutting 
segments alternately right and left as is 
usual in the Leptosporangiates. Later 
increased growth of the freshly cut off 
segments of the apical cell results in the 
formation of a notch which contains the 
latter ( Figs. 7, 32, 39, 47, 52, 56, 64). 
At this stage the prothallus becomes 


- lobed. For some time this single cell 


regulates the growth of the prothallus, but 
later it undergoes vertical divisions to 
form a marginal meristem which occupies 
the apical notch completely. The further 
activity of this meristem establishes the 
cordate prothallus which is the rule in 
the genus (Figs. 10, 57, 65). A few 


‘variations are, however, met with. In 


A. caudatum the prothallus may become 
asymmetrical with the two lobes extremely 
unequal in size ( Fig. 9) or it may become 


asymmetrical and lobed — the original 


notch containing the two-sided apical cell 
and the notch of the lobe having a trans- 
verse meristem ( Fig. 8, m). In Knop’s 
solution the prothalli may become long 
and ribbon-shaped growing by a trans- 
verse meristem without ever developing an 
apical cell (Fig. 13). Asymmetrical thalli 
are not uncommon in A. peruvianum. 

The midrib formation is initiated by 
divisions parallel to the surface in the 


cells just behind the notch and it usually 


follows the formation of antheridia. It 
is 8-12 cells thick. The fully developed 


ceils of the wings do not bear collenchy- 
- matous thickenings along their walls as 


in A. cuneatum and A. lunulatum (see 
Mehra, 1938 ). 


243 


Spores subjected to unilateral illumina- 
tion show the first division in the filament 
constantly facing the source of light and 
the aggregation of chloroplasts on the 
illuminated side. Constant changes in 
the direction of illumination retard the: 
rate of division and the spores placed 
in darkness did not germinate. Young 
sporelings placed in dark show very 
feeble growth. 

The young prothalli growing in crowded 
conditions become long, filamentous or 
ribbon-shaped, in the latter case growing 
either by activity of a single apical cell 
(Fig. 12) or by a transverse meristem 
( Fig. 13). Prothalli growing submerged 
and in feeble illumination become long, 
filamentous, rarely branching and resem- 
bling a moss protonema ( Fig. 17). The 
germ cell may undergo a vertical division 
and form two filaments which may grow 
in opposite directions (Fig. 16). Both 
become long and filamentous with scanty 
or no chloroplasts and may branch again 
(compare with Figs. 14, 15 which are 
from the same culture). The apical 
region of the filament while coming above 
the surface becomes divided by a few 
transverse walls and develops dark green 
chloroplasts (Figs. 16, 17). Figs. 18a 
and 19a show the comparison between 
the terminal cell of such a filament and 
that of the normal one. The chloroplasts 
in the former are smaller, yellowish to 
pale and sparsely distributed; while in 
the latter they are larger, deep green and 
more numerous per cell ( Figs. 18b, 19b). 
In A. peruvianum similar unhealthy con- 
ditions may result in the formation of a 
dichotomously branched ribbon-shaped 
thallus growing by a transverse meristem 
(Fig. 58). In one such case two filaments 
were formed from one spore, of which 
one developed a branched prothallus as 
in A. caudatum and the other developed 
into a branched ribbon-shaped plate. 

Vegetative propagation by formation 
of secondary prothalli is common in 4. 
caudatum and A. peruvianum. In A. 
caudatum the secondary prothalli develop 
either on old or on injured primary 
prothalli. They may either originate 
from a lateral marginal cell or from the 
injured portion of the prothallus ( Fig. 
20). In the former case they possess 


Vics. 21-47 — Figs. 21,22. A. heakeeli. Figs. 33-39. <A. concinium. Figs. 40, -47. A. 
trapeziformis. Figs. 21, 33, 40. Spores. Figs. 22, 34, 41. 


Germinating stages. Figs. 23-27, 
35, 36, 42, 43. Development of filament. Figs. 28, 38, 44. Development of plate formation. 
Figs. 29-31, 37, 45, 46. Young gametophytes showing apical cell. Figs. 32, 39, 47. Stages 
in development of cordate prothallu 


s. Figs. 21, 33, 40, x 325; Figs. 22-32, 34-39, 41-46, x 125. || 
Fig. 47, x 45. | 


- protandrous. 
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a short filament, grow by the activity 
of a two-sided apical cell situated in 
the notch and become cordate. In the 
latter case the regeneration is from one 
of the cells of the injured region which 
at once expands out into a characteristic 
lobed prothallus. They are dorsal in 
position and bear antheridia and rhizoids 
in the usual manner. The secondary 
prothalli show evidence of lobing by 
development of secondary meristems in 
the notches of the lobes. 

In A. peruvianum the condition, is more 
interesting. Under spell of feeble illumi- 
nation the prothallus develops an ir- 
regular papillate margin with a disconti- 
nuous marginal meristem (Fig. 59). 
This is also the condition in Cheilanthes 
farinosa (unpublished data). Each papilla 
is capable of forming a new prothallus 
under better illumination. It is, how- 
ever, the precociously growing papillae 


which expand into a new prothallus. 


Obviously the new prothallus is formed 
due to the activity of a row of marginal 


- meristematic cells which later become 


confined to the notch of the young pro- 


| thallus and account for the absence of a 


two-sided apical cell. 


Sex Organs 


The plants are strictly monoecious and 
Antheridia appear within 
a month on prothalli grown on Knop's 
solution and a few days earlier in those 
grown on soil. Usually they are res- 


tricted to the basal region intermixed 


with rhizoids. Rarely they occur on 


. the dorsal surface under unfavourable 


conditions. Archegonia appear much later 
and mark the end of the formation of 
fresh antheridia. 

The young antheridium consists of a 
basal cell, a central androgonial cell and 
a terminal cell which later cuts off an 
opercular cell. It is sessile, but rarely 
there may be a stalk (Fig. 71a). All the 
cells in the initial stages contain chloro- 
plasts which are smaller as compared 
to those in the vegetative cells. The 


_antheridium originates as a small papilla 
© (Fig. 66). 


The first wall is transverse 
dividing the initial into an upper larger 
cell and a lower smaller cell. Due to the 
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increase in the turgidity of the upper cell 
this wall bulges downwards till it meets 
the basal wall and thus the lower cell 
becomes funnel-like in appearance ( Figs. 
67, 68). Occasionally it may be divided 
into two (Fig. 71b). Rarely the cross- 
wall may not bulge out and in such cases 
the funnel-like cell is not apparent ( Figs. 
69, 72). Later a second transverse wall 
is formed in the upper cell cutting off a 
lower androgonial cell and an upper cell 
which cuts off an opercular cell terminally 
(Fig. 79). The androgonial cell bulges 
out upwards till its top comes into contact 
with the base of the opercular cell which 
in consequence becomes flattened. The 
next cell to the opercular cell becomes 
ring-shaped, surrounding the apical por- 
tion of the androgonial cell ( Figs. 70, 
71). Rarely the terminal cell after 
cutting off an opercular cell undergoes 
another division forming two cells and 
this is responsible for the formation of 
more than two “ring cells’’ in some 
antheridia (Fig. 77). The androgonial 
cell forms the spermatozoids in the usual 
manner ( Figs. 73, 74). 

The opercular cell is usually undivided, 
but in certain instances in A. peruvianum 
it is either divided into two or four 
cells by vertical walls ( Figs. 75, 76, 80) 
and in A. trapeziformis into two. It 
is, however, interesting that antheridia 
with simple and divided opercular cells 
occur side by side. An opercular cell 
dividing into two is also reported in 
A. macrophyllum Sw. (Schmelzeisen, 
1933). In all the species it is bodily 
thrown off at dehiscence (Fig. 78) as 
in A. lunulatum Burm. (Mehra, 1938). 
Each spermatozoid is coiled and multi- 
flagellate. 

The development of the archegonium 
resembles that in other advanced Lepto- 
sporangiates ( Figs. 81-85). The initial 
appears in the 9th-13th or 10th-15th seg- 
ment cut off from the apical meristem. 
The neck canal cell is binucleate show- 
ing prominent vacuoles. The two nuclei 
either lie close together ( Fig. 85) or are 
separated from each other by a large 
vacuole (Fig. 86). The neck of the 
mature archegonium consists of 4-5 cells, 
those covering the tip being stretched 
thin (Fig. 86). The ventral jacket is 


Fics. 48-65. 


er ee 
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well developed and continuous (Fig. 85). binucleate. The neck canal cell and the 
Old archegonia show a dilation at the ventral canal cell disintegrate into a 
apex of the neck ( Fig. 87). Rarely the mucilaginous mass just before fertilization 
ventral canal cell and the egg may be which is normal. 


i idi Figs. 79, 80. The basal funnel- 
Fics. 66-87 — Figs. 66-80. Development of antheridium. g = 
like wall does not touch the base. Figs. 81-87. Development of archegonium. All, x 325. 


_— 


i mI - 4 . Figs. 60-65. A. 
Fics. 48-65 — Figs. 48-52. A. lunulatum. Figs. 53-60. A. peruvianum. 
hii: Figs. 48, 53 60. Spores. Figs. 49, 54, 61. Germinating stages. Figs. 50, 51, 55, 62. 


Development of filament. Fig. 63. Young gametophyte with apical cell. Figs. 52, 56, 57, 64, 65. 


1 e hyte. See text 
i 1 t of cordate gametophyte. Fig. 58. Unhealthy gametop yte 
a ee 59. Young ee with nn. ee en 
nt of secondary gametophyte. Figs. 48, 49, 53, 54, 60, 61, 63, x » H1gs. OY, 51, 55, 56, 62, 
x 125: Fig. 52, x 500: Fig. 57, x 45; Figs. 58, 65, x 64; Figs. 58, 59, x 9; Fig. 64, x 45. 
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Summary 


A. caudatum, A. lunulatum, A. peru- 
vianum, A. trapeziformis, A. concinium, 
A. haekeeli and A. venustum occur wild 
or as garden rockery favourites in India. 
Their spores are yellow, tetrahedral with 
a thin intine and variably thickened exine. 
They germinate readily and rupture along 
the triradiate mark, but there is an 
indication of sterilization of some of the 
spores in A. peruvianum. The normal 
and most successful type is the filament 
formation followed by a flat plate. A 
two-sided apical cell is formed and later 
replaced by a transverse meristem in the 
notch. Rarely under unfavourable con- 
ditions the filament passes directly into 
the transverse meristem stage. A sym- 
metrical cordate prothallus is charac- 
teristic of the genus. Unfavourable en- 
vironmental conditions tend to produce 
asymmetrical or dichotomously branched 
ribbon-shaped or branched and un- 
branched septate filamentous prothalli. 


PHY TOMORPHOLOGY 


They also induce vegetative propagation. 
In A. caudatum the secondary prothalli 
develop from single marginal cells, whereas 
in À. peruvianum they arise from a margi- 
nal meristem; in the latter nearly all the 
marginal cells are potentially meristem- 


atic as evidenced by their protrusion into | 
small “papillose lobes” which mostly show | 


an apical cell. The growth of the pro- 


thalli under light devoid of ultra-violet | 


rays shows little change from those of the 
control. The species are monoecious and 
protandrous. The development of sex 
organs is typical of advanced Leptosporan- 
giates. 
ridium, usually single, is occasionally 
split into two in À. trapeziformis or into 


two or four in A. peruvianum. Rarely, in — 
‘| 


the archegonium the egg and the ventral 
canal cell may be binucleate. 

We are greatly indebted to Professor 
Alma G. Stokey for kindly going through 
and criticizing the manuscript. Thanks 
are due to Dr. H. K. Baruah for en- 
couragement. 
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IYENGARIELLA TIRUPATIENSIS GEN. ET SP. NOV. 
FROM SOUTH INDIA 


LV DESIKACHARY 
University Botany Laboratory, Madras, India 


In one of the visits to the stream, 
Akasaganga, at Tirupati, a place 90 miles 
from Madras, the writer collected in 
December 1948 a blue-green alga which 
showed some very interesting features. 
The alga was found growing attached to 
rocks on the vertical face of a waterfall. 
It was collected only once, in the month 
of December 1948. It was not found 
again though the writer made several 


visits to the place during the next year. 


DESCRIPTION — The thallus is micro- 
scopic and forms large tufts on the rocks. 


_ Two regions can be roughly distinguished 


in the alga, a branched basal region by 
which the alga is attached to the sub- 
stratum and a free erect portion con- 
sisting of a single long unbranched tri- 
chome ending in a hair ( Figs. 3,6). The 
trichomes in the lower region are some- 
what stunted and broad, while in the free 


"upper portion the trichome is narrow and 


gradually attenuated into a long hair 
(Figs. 4, 15, 19, 22, 24). In the lower 
region the trichome is 3-10 u broad and 
in the apical portion 1-3 u broad. It is 
generally constricted at the cross-walls in 
the lower region and unconstricted or only 


_ slightly constricted in the upper region. 


The cells are generally shorter than broad 
in the lower branched region, but cylin- 
drical and up to 10 times as long as broad 
in the upper region. 

The trichomes are provided with a thick, 
often lamellated, sheath in the basal region 
and with a thin hyaline sheath in the 


‘upper portion (Figs. 3-5, 15, 21, 23). 


Usually only a single trichome is present 
in the sheath. But occasionally a num- 


ber of filaments are found in one sheath 
as a result of fragmentation and the 


subsequent development of fragments, 
or due to the germination of hormogones 
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in situ ( Bigs. 4, 15, 21). The filaments 
are 10-20 „u broad. 

No heterocysts are present. 

The mode of branching is very interest- 
ing and very varied. In the lower portion 
the branching at first sight appears to be 
dichotomous, but when carefully exa- 
mined, it will be clear that the branching 
is only lateral and by further curved 
downward growth of the lateral branch 
the branching becomes more or less like 
dichotomous. The branching here is true 
and pseudo-dichotomous. Details of the 
mode of branching will be dealt with later. 

Hormogones are commonly formed by 
the alga from both the upper and the 
basal portions (Figs. 1, 9, 11). The 
hormogone formed from the upper portion 
generally develops a hair at its upper end 
and from its lower extremity are formed 
branches which grow downwards towards 
the base of the thallus. The hormogone 
formed from the basal branches grows 
further and develops a hair at each end. 
The two ends of the hormogone then bend 
upwards ( Fig. 16). An intercalary disc 
is formed in the middle of this crescent- 
shaped hormogone which later on breaks 
into two parts and forms two independent 
filaments (Figs. 16-18, 20). From each of 
these filaments branches are formed from 
its lower blunt end, and the upper end 
further elongates into a long hair. Occa- 
sionally such hormogones have been seen to 
develop intercalary branches without any 
fragmentation in the middle (Figs. 7, 12). 

A few thick-walled spores were observed 
in the alga ( Fig. 8). These spores were 
found both in the lower part of the erect 
portion and in the branched basal por- 
tion. They are spherical, subspherical or 
rarely barrel-shaped and are 4-5-6 in 
diameter. 
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DESIKACHARY — IYENGARIELLA TIRUPATIENSIS GEN. ET SP! NOV. 


SYSTEMATIC POSITION — In possessing 
true branching this alga comes under the 
Stigonematales. The present alga, in 
being non-heterocystous, in its habit, in 
the nature of the branching and in the 
presence of hairs, does not agree with any 
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of the so far known genera ((Geitler 1932; 
1942; Fritsch, 1945 ). It is, therefore, 
placed in a new genus, Iyengariella, and 
named Lyengariella tirupatiensis sp. nov. 
The genus is tentatively placed in the 
Stigonemataceae. 


Fics. 19-25 — Iyengariella tirupatiensis gen. et sp. nov. Figs. 19, 21, 23, 25. Different 


habits of the alga. Fig. 20. A hormogone. 


Figs. 22, 24. Younger filaments showing long 


hairs (A). (S, sheath; 1.C.S., discs of intercalary substance; H, apical hair; 4, hormogone.) 
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The alga shows a remote resemblance 
to Amphithrix janthina ( Kütz.) Born. & 
Flah., which is a non-heterocystous alga 
belonging to the Rivulariaceae with erect 
threads arising from a multicellular stra- 
tum which shows some traces of filament- 
ous structure. But Amphithrix is a very 
imperfectly known genus and its validity is 
much doubted ( see Fritsch, 1945, p. 840; 
Geitler, 1942, p. 175). The present alga 
differs from it in that the basal system 
is definitely filamentous and branched. 

The general appearance of the branch- 
ing in the present alga (Figs. 5, 7) 
reminds one of that of Brachytrichia. 
Further, in possessing an apical hair 
Iyengariella compares well with Brachy- 
trichia. Brachytrichia is a marine genus 
and it is possible that /yengariella repre- 
sents a freshwater parallel development. 

Iyengariella gen. nov. — Thallus affixus, 
in acervulis, habitu heterotricho, parte 
inferiori ramosa, prostrata, superiori vero 
haud ramosa, libera, erecta. Ramificatio 
vera, simplex, lateralis, atque pseudodicho- 
toma, vagina presenti. Trichome consis- 
tens unica seria cellularum, apice producto 
in pilum longum. Heterocyts absunt. 
Hormogonia adsunt. Sporae adsunt. 

Thallus attached, in tufts, habit hetero- 
trichous, with a lower branched prostrate 
region and an upper unbranched free erect 
region. Branching true, simple, lateral 
and fseudodichotomous; sheath present. 
Trichome consisting of a single series of 
cells, apex produced into a long hair. 
Heterocysts absent. Hormogones present. 
Spores present. 

Iyengariella tirupatiensis sp. nov. — 
Thallus affixus, in acervulis, heterotrichus 
parte una ramosa prostrata, altera vero 
libera erecta. Ramificatio vera, simplex 
atque lateralis, vel pseudodichotoma. Fila- 
menta in parte prostrata 10-20 u lata; 
vagina presense, unum vel plura fila- 
menta circumdans; crassa atque lamellata 
in parte inferiori, lamellis divergentibus. 
Trichome uniseriatum, latius in partibus 
inferioribus atquedesinens in pilum api- 
calem, 3-10 u latum ad basim, 1-3 u in 
regione apicali. Cellulae aeque longae ac 
latae infra, ad decies longiores quam latae 
supra. Heterocysta absunt. Hormogonia 
adsunt. Sporae adsunt, sphaericae vel 
subsphaericae, 4-5-6 4 latae. 
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Habitat — In saxis rivuli montani prope 
Tirupati in distr. Chittoor, in Statu 
Madras, India. 

Thallus attached, in tufts; heterotri- 
chous, with a branched prostrate region 
and a free erect region. Branching true, 
simple and lateral, pseudo-dichotomous. 
Filaments in the prostrate region 10-20 u 
broad; sheath present, enclosing one or 
more filaments, thick, lamellated in the 
lower portions, lamellation divergent. Tri- 
chome uniseriate, broader in the lower por- 
tions and tapering to a hair at the apex, 
3-10 u broad at the base and 1-3 y in the 
apical regions. Cells shorter than broad 
below and up to ten times as long as broad 
above. Heterocysts absent. Hormogones 
present. Spores present, spherical or 
subspherical, 4-5-6 y broad. 

Habitat—On rocks in a mountain stream 
near Tirupati, in the Chittoor district, 
Madras State, India. 


Summary 


A new blue-green alga was collected 
on rocks in a mountain stream at Tirupati. 
It showed very interesting features and is 
described in detail. It has an attached 
pseudo-dichotomously branched _ basal 
portion and a free erect unbranched 
portion which ends in a long hair. The 
branching is true, heterocysts are absent 
and chief modes of propagation are by 
hormogones and spores. 

The alga is referred to a new genus, 
Iyengariella, and is named Iyengariella 
tirupatiensis sp. nov. This genus is 
placed in the Stigonemataceae. 

In conclusion the writer expresses his 
grateful thanks to Prof. M. O. P. Iyengar 
and Prof. T. S. Sadasivan, University 
Botany Laboratory, Madras, for their kind 
guidance and supervision, to Prof. F. E. 
Fritsch for his kind suggestions regarding 
this new genus, and to Fr. Santapau, 
St. Xavier’s College, Bombay, for the 
Latin diagnosis. His thanks are due to 
the National Institute of Sciences of India 
for the award of an I.C.I. Fellowship 
during the tenure of which the present 
work was carried out, and to the Ministry 
of Education, Government of India, for a 
grant-in-aid for preparing this paper for 
the press, 
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LA SUREVOLUTION CHEZ LES ARAUCARIACEES 


H. GAUSSEN 
Toulouse, France 


La notion d’evolution pseudocyclique 
a déja été exposée en plusieurs publica- 
tions depuis 1937. Lors du Colloque 
International du Centre National de la 
Recherche Scientifique sur 1’Evolution 
et la Phylogénie chez les Végétaux a 
Paris en Mai 1952 la question a fait 
l’objet d’un exposé. Les critiques faites 
me paraissent avoir été réfutées de façon 
satisfaisante.! 

Je voudrais citer ici quelques exemples 
qui me paraissent difficilement explicables 
si l’on n’admet pas l’idée de l’évolution 
pseudocyclique. 

Tout d’abord les plus grandes certitudes 
sur l’évolution sont fournies par des séries 
bien faites de fossiles et ces séries doivent 
servir de base à la notion de pseudocycle. 

Les séries bien connues sont rares. 

Celle des Chevaux est courte, elle con- 
firme l’idée de la simplification et spécia- 
lisation des organes et confirme la loi de 
croissance de taille. 

Celle des Ammonites est beaucoup plus 
intéressante car elle est connue avec 
détail de son origine à sa fin et donne un 


1. Je rappelle que cette conception admet dans 
chaque pseudocycle: un type compliqué: primitif; 
l’évolution se fait vers un type plus simple et 
spécialisé: c’est le type évolué; le pseudocycle se 
termine par la soudure des types évolués ou des 
multiplications diverses qui donnent le type 
surévolué qui ressemble plus ou moins au type 
| primitif. Ce type surévolué sert de type primitif 
- à un nouveau cycle sauf dans les cas de sénilité. 


appui très solide aux idées que j'ai déve- 
loppées au sujet des lois de Pavlow, de 
Serres-Fritz-Müller et de Mazenot. Elle 
donne de bons exemples de pseudocycles 
et fournit aussi une idée sur les phéno- 
mènes de sénilité et de retour aux types 
des premiers ancêtres. 

Celle des Tortues du Secondaire montre 
aussi le pseudocycle parfait pour la 
carapace: présence primitive, disparition 
évoluée, réapparition au moyen d’un 
autre tissu: surévoluée. 

Chez les végétaux, nos connaissances 
précises sont insuffisantes sur des séries 
incontestables. Il semble pourtant que 
la Série des Araucarias soit suffisamment 
connue pour permettre des comparaisons 
utiles. 

Il est généralement admis que les 
organes sexuels conservent les caractères 
ancestraux alors que les organes végéta- 
tifs sont davantage susceptibles de varier. 
Autrement dit, dans l’évolution, le végé- 
tatif (Sporophyte: S) est en avance sur 
le reproducteur (Gamétophyte: G). 


G est plus primitif 

G est primitif ou moins 
évolué 

G est primitif ou évolué 
ou moins surévolué 

S est moins primitif ou 
évolué ou surévolué 

S est plus évolué ou 
surévolué 

S est plus surévolué 


Si S est primitif 
S est évolué 


S est surévolué 
Si G est primitif 
G est évolué 


G est surévolué 
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C'est évidemment là presque un “ acte 
de foi’ mais la classification des végétaux 
est fondée sur cette idée que la fleur con- 
serve les caractères de famille. Les 
zoologistes qui avaient fondé leur classi- 
fication sur les organes végétatifs ont 
reconnu que les organes sexuels permet- 
tent une classification bien plus prés de 
la “ classification naturelle ” qui est l’idéal 
vers lequel tendent les naturalistes. 

Pour placer tout de suite le sujet et 
d’après les études faites jusqu’à ce jour 
on peut dire que: 


Chez les Cordaitales S et G sont primitifs 
Chez les Abiétacées Set Gsont + évolués 
Chez les Araucariacées G est très évolué 


Sur ces points tout le monde est suffi- 
samment d'accord. Il est bien évident 
que ces termes n'ont qu'une valeur 
relative au groupe des Coniferophytes et 
qu'il ne s’agit pas de comparer aux 
Mousses ou aux Algues. 

La soudure de l’écaille et de la bractée 
chez Araucaria amène les auteurs moder- 
nes à y trouver un type évolué pour 
l'appareil reproducteur 9. Or beaucoup 
d’auteurs voient un appareil végétatif 
primitif ! L’embarras des botanistes 
a toujours été grand devant les Arau- 
cariacées: Pilger ( 1926); Eames ( 1913); 
Thomson (1914) emettent des opinions 
contradictoires. Citons Emberger ( 1944, 
p- 373): 

“Les A., considérées comme très pri- 
mitives, ont une organisation florale trés 
avancée et sont a ce titre supérieures a 
tous les autres Coniféres.”’ 

On voit mal comment des plantes trés 
primitives peuvent étre les plus évoluées 
par les caractéres floraux, en général con- 
sidérés comme ancestraux. 

Passons en revue les divers caractéres 
pour lesquels apparaissent des évolutions 
nettes. On trouvera les détails dans mon 
ouvrage (1951-52) 


Sporophyte 


COTYLEDONS — Ils manifestent chez 
Araucaria les phénomènes de soudure et 
de multiplication déréglée qui caractéri- 
sent surévolution et sénilité: 30 canaux 
résinifères, nervures nombreuses permet- 
tant de penser à une soudure, 
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GERMINATION — Le caractere épigé est 
celui des Abiétacées (en general). Le 
caractére hypogé lui succéde. Proarau- 
caria était épigé donc évolué, Araucaria 
apparaît comme surévolué car la section 
Colymbea est hypogée. 

L'absence de forme de jeunesse carac- 
térise les Araucaria. C'est semble-t’il une 
preuve de forte évolution, 

Le bourgeon terminal est peu indivi- . 
dualisé, c’est sans doute une forte évo- 
lution. 

FEUILLES — Les feuilles sont de deux 
types: certaines en larges lames aplaties 
à nombreuses nervures rappellent celles — 
des Cordaitales. D'autres rappellent des — 
Paléoconifères. Dans les deux cas on peut 
parler d’une apparence de retour ancestral, 
donc de surévolution. Il y a du bois 
mésarche au sommet des feuilles, c’est aussi 
un retour vers des types qui existaient — 
chez les Cordaïtales. 

LONGUEUR DES TRACHEIDES — Il est 
admis que la longueur des tracheides 
diminue avec l’évolution. Chez les Ptéri- 
dospermées, Andrews (1940) cite des 
exemples à 24 mm.; chez les Cordaites il 
donne une moyenne de 5 mm., de 3, 5 
chez les Coniféres; elles peuvent atteindre 
10, 9 chez Araucaria. 

LES PONCTUATIONS de types arau- 
carioide, c’est-A-dire trés serrées, existaient 
chez les Cordaïtes. Chez les Abiétacées 
ou chez Proaraucaria elles sont peu 
serrées, le jeune Araucaria a des ponctua- 
tions assez serrées, la surévolution com- 
mence par l’adulte qui les a trés serrées 
comme chez le lointain ancétre. 

LES BARRES DE SANIO absentes chez 
les Cordaites se développent chez les 
Abiétacées. Elles existent dans l’axe du 
cône d’Araucaria partie conservatrice, 
elles disparaissent ailleurs, ramenant au 
type Cordaite. 

ConE & — L'étamine en “ épaulette ” 
chez beaucoup de Ptéridospermées re- 
présente sans doute le type ancestral dans 
un cycle. L'évolution paraît s'être faite 
peu à peu vers le type étamine réalisé 
chez Ginkgo, chez les Abiétacées, par 
exemple. La réduction se continue et 
les Cupressacées ont souvent des étamines 
trés petites. 

Comme d’habitude les Araucariacées 
présentent des traits de surévolution ou 


‘donc trés évolué. 
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peut-étre de sénilité ramenant aux loin- 
taines dispositions ancestrales. L’&tamine 
grande et du type “ Epaulette’’ réapparaît. 

Un exemple interessant de cycle qui 
a pu se produire parmi les ancétres des 
Coniferes est relatif au TEGUMENT DES 
SACS POLLINIQUES:? 

Le type primitif est vraisemblablement 
celui des Ptéridophytes qui ont une 
assise mécanique épidermique. 

Si on étudie les téguments du Ginkgo 
on voit que l’épiderme n’a pas de rôle 
mécanique; c’est le tissu de transfusion 
qui, de l’extrémité des vaisseaux, gagne 
le sous-epiderme et y joue le rôle mecani- 
que. Nous considérons que c’est le type 
évolué. 

Chez les Abiétacées la réticulation 
sous-épidermique du type Ginkgo perd 
toute relation avec l’appareil vasculaire 
et s’etend jusquà l’épiderme. Nous con- 
sidérons que ce type est plus évolué que 
celui de Ginkgo. 

Chez les Araucariacées la réticulation 
n’interesse plus que l’épiderme. Nous 


_ sommes revenus au type appelé “ ectociné- 


tique ’’ mais ce n'est pas le même que 
celui des Ptéridophytes. C’est la défini- 
tion même d’un type surévolué. 

ConE ®— La soudure progressive de 
la bractée et de l’écaille est admise de 
tous depuis les beaux travaux de Hage- 
rup. Le cône d’Araucaria est très évolué. 


L’ancétre Proaraucaria était moins soudé. 


Dans chaque phylum il semble que la 
grosseur du cône augmente avec l’évolu- 
tion, or Araucaria a un très gros cône, 
L’ancétre Proaraucaria 
avait un cône plus petit. 

En conclusion: dans l’ensemble des 
caractéres du sporophyte les Araucarias 
paraissent surévolués dans les parties 
végétatives loin des influences sexuelles. 

Dans les parties situées au voisinage 
des organes sexuels, donc soumises a 
l’action retardatrice de ce voisinage, il 
semble qu’on se trouve a la limite entre 
le trés évolué et le surévolué. 

En général, l’influence & est moins 
retardatrice que l'influence 2 aussi il 


_est normal que le type surévolué appa- 


raisse surtout dans les parties males. 


2. Les Fig. 161 —163 de l’ouvrage de Jeffrey 
(1930) montrent les types: Pteridophyte, 
Ginkgo, Abiétacée. 
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Passons au Gamétophyte: 

Prenons un exemple dans les cellules 
prothalliennes mâles. Tous les botanistes 
admettent que leur nombre diminue au 
cours de l’évolution. 

Nombreuses chez les Ptéridophytes, 
nombreuses chez les Cordaitales elles se 
réduisent à deux chez les Abiétacées. La 
réduction maxima est réalisée chez les 
Taxodiacées, Cupressacées, Cephalotaxa- 
cées; ces groupes ont atteint le maxi- 
mum d'évolution régressive, sens habituel 
de l’évolution. 

Les Araucariacées manifestent la sur- 
évolution par la formation de 12 à 15 
noyaux prothalliens libres. C’est une 
amorce de retour au type ancestral ou 
mieux ressemblant au type ancestral. 

Dans ce groupe, lors de la formation 
des gros spermatozoïdes, la division du 
noyau de la cellule du corps présente des 
figures en étoiles analogues à celles qui 
préparent les blépharoplastes de Cycas. 
La surévolution irait-elle chez les des- 
cendants des Araucarias jusqu’ à consti- 
tuer de gros spermatozoïdes ciliés comme 
chez Cycas? C’est le propre de la sur- 
évolution de retrouver un type ancien (sper- 
matozoide cilié) par une méthode nouvelle. 

Pour le gamétophyte © citons la mem- 
brane qui crée une cellule du canal du 
ventre chez les Abiétacées, alors que la 
cellule séparatrice ne se forme pas chez 
les Araucariacées. Ce groupe est ainsi un 
peu plus évolué, l’évolution étant vers la 
diminution du nombre de cellules de 
l’archégone. 

Dans l’embryologie, l’oeuf se divise en 
quatre noyaux libres chez les Abiétacées, 
il s’en forme parfois 64 chez les Araucaria- 
cées et Chamberlain dit: 

‘ In this feature, the Araucariaceae are 
more primitive than the Abietaceae.”’ 

Je ne suis pas d’accord car il semble 
que chez les Conifères l’évolution se fait 
vers la multiplication des noyaux libres: 
Pinus 4, Taxodium 8, Wellingtonia 8, 
Cephalotaxus 8.3 


3. Cette question est trés complexe car le type 
Sequoia n’a pas de noyaux libres et certaines 
Cupressacées lui ressemblent, On peut cepen- 
dant dire que, s’il y a des noyaux libres, leur 
nombre parait augmenter avec l’évolution. 
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FE SEE EEE EEE a EEE nn 
TABLEAU DE L'ETAT EVOLUTIF DE QUELQUES ORGANES 


Gaméte 2 


Fleur 2 


Cône © 


Embryon au début 


Crassules de 
du cône 


Gaméte ¢ 


Prothalle 6 


Fleur $ ( Etamine ) 


Tégument du 
pollinique 


Germination 


Cotylédons 


Feuilles 


Bois mésarche 
Trachéides— 
( longueurs ) 


Ponctuations 


Barres de Sanio 


l'axe 


PRIMITIF 
Ptéridophytes, 
Pteridospermées 
Cordaites, Lebachia 


Cellules de l’archegone 
bien formées 


Bractée et rameau ovu- 
lifere 
Moyen 


Pas de noyaux libres 


Absentes 

Petits flagelles ou cils; 
gros 

n cellules 


En épaulette ( Ptérido- 
spermées ) 


Epiderme a assise mé- 
canique 


n nervures ( Cordaites) 


grosse feuille courte 
( Lebachia ) 


Présent 


24 mm. ( Medullosa ), 
5 mm. (Cordaites ) 


Tres serrées (Cordaites) 


Absentes 


EvoLvur 
Abiétacées 


Cellule du canal 
du ventre 


Bractée et écai- 
lle à peine sou- 
dées 


Assez gros 


4 noyaux libres 


Présentes 
Sans cils 
Petite taille 
2 cellules 
Etamine petite 
Epiderme + sous 
épiderme 


Epigée 


Peu nombreux 


Aiguille à 1 ner- 
vure 


Absent 


3 mm. en moy- 
enne 


Peu serrées 


Présentes 


TRÈS ÉVOLUÉ 
Proaraucaria 


Demi- 
soudure 


Assez gros 


? 


Epigée 


2er 


Peu serrées 


? 


SURÉVOLUÉ 
Araucaria 


Noyau du canal 
du ventre 


Soudure 


Gros 


64 noyaux libres 


Presentes 


Tendance a ble- 
pharoplaste ; 
gros. 


12 à 15 


Grosse en épau- 
lette 


Epiderme seul 


Hypogée (sect. 
Colymbea ) 


2 par soudure de 
nombreux (30 
canaux résini- 
féres ) 


Lame aplatie à 

n nervures, 
grosse feuille 
courte 


Présent au som- 
met des feuilles 


10 mm. 


Adulte très ser- 
rées 


Absentes 


4. Dans ce tableau, il faut bien comprendre qu'il ne s’agit pas de comparer l’état d'évolution du 


prothalle 5 avec celui des Barres de Sanio par exemple. 


valeur relative et on pourrait préférer les termes: antérieur, postérieur, . . . 
En particulier, les premiéres divisions de l’embryon appartiennent 4 la phase embryonnaire 


qui dans la vie de Ja plante est une phase primitive. 


Les termes: primitif, évolué, n’ont qu’une 


Il faut comprendre seulement que le sens 


d'évolution depuis les Ptéridophytes paraît être un retard dans l’apparition des cloisons chez les 


Gymnospermes. 


Les Abiétacées sont plus évoluées que les Ptéridophytes, et les Araucariacées plus évoluées 


que les Abiétacées. 


Mais il s’a 


primitive de la vie de la plante, 


git, pour les trois groupes, d'états évolutifs à l'intérieur de la phase : 


un nn, 


1953 ] 


A mon avis la division de l’oeuf qui 
est imprégné d’influence sexuelle, pre- 
sente des caracteres de type trés évolué 
comme ceux qui se manifestent dans 
l’appareil reproducteur femelle. 

Tous ces faits peuvent se résumer dans 
un tableau. L’étude générale des Gymno- 
spermes vues au point de vue évolutif permet 
de classer les organes dans le sens d’évolu- 
tion croissante dans l’ordre cidessous: 


Gaméte ©, Prothalle 9, Cône 2 

Debut de l'embryon imprégné d’in- 
fluence sexuelle. Axe du cône. 

Gamète 4, Prothalle 3, Fleur & 

Feuilles 

Rameaux auxiblastes 


On voit que cette hiérarchie est vérifiée 
chez les Araucariacées. Pour donner des 
termes de comparaison, les conditions des 
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seulement que, au Secondaire, les ancêtres 
des Araucariacées ont eu des caractères 
ressemblant à ceux des Abietacees 
actuelles. 


Conclusion 


Le tableau est parlant et me paraît un 
excellent exemple de l’évolution pseudo- 
cyclique dont j'ai donné d’autres preuves 
très nombreuses. 

Ceux qui veulent tout expliquer par 
une évolution directe, et progressive, et 
qui veulent l'adulte plus évolué que le 
jeune auront des difficultés graves devant 
plusieurs des faits signalés et j'aimerais 
connaître leurs explications. Il serait 
étonnant que l’adulte plus ou moins im- 
prégné d'influence sexuelle puisse être 
plus évolué que le jeune qui est peu 


Abiétacées sont indiquées mais je ne influencé. Les résultats de Mlle de Ferré 
prétends nullement que les Araucariacées (1952) sont parlants à ce point de 
descendent des Abiétacées. Je crois vue. 
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THE LIFE HISTORY OF CALLITRIS 


A. M. BAIRD 
Department of Botany, University of Western Australia 


Introduction 


Callitris is a genus of twenty species in 
Australia, Tasmania and New Caledonia. 
It is related to the West Australian genus 
Actinostrobus, and to the South African 
Widdringtonia. These three genera form 
a natural sub-section, the Callitroideae of 
the family Cupressaceae. 

The only papers dealing with the life 
history of Callitris are those of Saxton 
(1910) and a supplementary account by 
Doyle (1940), which described details of 
gametophyte and pro-embryo lacking in 
the earlier paper. Neither Saxton nor 
Doyle dissected the embryo systems. 
When this work was started the method 
of dissection introduced by Buchholz was 
comparatively new and it was thought that 
the two cypress pines Actinostrobus and 
Callitris, both available near Perth, might 
well be investigated by his methods. An 
account of the suspensor of Actinostrobus 
was published by the author in 1937, but 
similar information which had been ob- 
tained for Callitris was not then published 
because earlier stages were not known in 
sufficient detail. Recently attention has 
been focussed on growth of cones in the 
field, and on the little-known early stages 
in development of ovules and pollen tubes. 

As far as possible cones and ovules have 
been examined in the living state as well 
as by standard methods of microtome 
sectioning of embedded material. For a 
study of the embryogeny, ovules were 
dissected in water or sugar solution using 
a binocular dissecting microscope. Camera 
lucida drawings were made of the freshly 
dissected embryos. 

There are certain difficulties in tech- 
nique which other workers (Saxton, 
Moseley ) have experienced; difficulties due 
primarily to the early development of 
heavily lignified cells, to the difficulty of 
getting fixatives to penetrate the integu- 
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ments and nucellus, and to the lateral | 
position of the archegonia in the pro-. 


thallus. 


Fixatives used have been mainly for- 
malin-acetic alcohol for whole cones and 
ovules, warm picric-mercuric chloride- — 
acetic ( Saxton’s formula ) for free nuclear — 


stages in the gametophyte, chromacetic- 
osmic for stages near fertilization. The 
principal stains used were iron haema- 


toxylon, safranin and Delafield’s haema- — 


toxylon, safranin and gentian violet, 
safranin and fast green. 


Species Studied 


The six species occurring in the southern . 


part of Western Australia have all been 
examined at some stages of development, 
but those studied in greatest detail are 
C. robusta R. Br., C. drummondii Parlat. 
and C. roei. Endl. 

C. robusta, the “‘ Rottnest pine” or 
“ Rottnest Cypress ”” is a coastal species 
occurring in abundance on Rottnest and 
Garden Islands, off Fremantle, and on the 
adjacent mainland. It is found on lime- 
stone outcrops, in the hollows behind 
sand dunes, and on the steep limestone 
cliffs along the lower reaches of the Swan 
river. There are, as might be expected, 
striking differences in habit between plants 
ofrocky headlands, sand dunes and shaded 
cliffs and sheltered groves. Material has 
been collected from all habitats. 

Of the inland species several collections 
have been made of C. glauca R.Br., the 
most widely distributed and economically 
important species in Australia, and of 
C. verrucosa R.Br. and C. morrisoni R. T. 
Baker. Ovules of these species are so 
like those of C. robusta that no separate 
description is needed. 


Very good collections of C. drummondii * 


were sent to me from Esperance on the 


: This is the explanation of the 


SSE Se ee 
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south coast at different seasons. There 
are also trees growing in the University 
grounds. Observations on C. roei have 
been made on cultivated trees only, but 
as the behaviour of other species in 
cultivation agrees with that in their 
natural habitats it is probable that this 
holds for C. roei also. 

Trees of the Eastern States species, C. 
rhomboidea R.Br. (C. cupressiformis Vent.), 


 C. calcarata R.Br., and C. macleayana 


Benth. and Hook., planted near Perth 
have also supplied fresh material for 
examination. C. muelleri Benth. and 
Hook. was collected in New South Wales, 
and C. arenosa A. Cunn., (C. columellaris 
F.V.M.) at Stradbroke Island, Moreton 
Bay, Queensland. Thus the genus has been 
well covered and it is unlikely that species 
not investigated would show any signi- 
ficant differences. : 

C. macleayana, deserves a special note. 
In this species the juvenile foliage which, 
as in others, is of needle-like leaves in 
whorls of four, is the only type produced 
for many years and even in an old tree 
the juvenile type continues to grow on 
the lower branches. As a consequence 
of this habit cones are of two kinds; those 
on the branches with four-ranked juvenile 
foliage have eight sporophylls, whereas 
the adult three ranked shoots bear the 
six-merous cones typical of the genus. 
“ cones 
with six or eight sporophylis ” of taxo- 
nomic descriptions. Eight-merous cones 
are never found on shoots with adult 
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foliage. 


Descriptions and photographs of the 
above species are given in Baker & Smith 
(1910). 


Seasonal Development of Cones 


In C. robusta the young male cones and 
the small branches which bear the pri- 
mordia of the female cones can be recog- 
nized in November or December. There 
is little change through late summer and 
autumn, and the pollen does not ripen 
until the following spring. Trees shed- 
ding pollen can be found from early 
August to late October but on any one 
tree the cones ripen almost simultaneously, 
and pollen is shed over a period of ten 
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to fourteen days with a peak or two to 
three days when pollen is released in 
dense clouds. The branch photographed 
(Fig. 1) shows how numerous the pollen 
cones can be. Fig. 2 shows open female 
flowers. 

Spring, August to October, 
flowering season for C. verrucosa, C. 
glauca, C. rhomboidea, C. calcarata, C. 
muellert, as for C. robusta. In each of 
these the cones all ripen more or less 
simultaneously or at most within two or 
three weeks on any one tree. The 
behaviour of C. roei and C. macleayana 
is in striking contrast to this. Trees in 
the University grounds shed pollen inter- 
mittently from November or December 
until April or May. During these months 
male cones ripen in profusion in two or 
three waves with comparatively few 
cones shedding between the crests. No 
information is available of the duration of 
pollen shedding of these species in their 
native habitats. In C. drummondii male 
cones also ripen a few at a time over an 
extended period, but in this species the 
season is winter-spring, June-September, 
not summer. 

The female “ flowers ” (the term will 
be used for the small, open, very uncone- 
like female amenta at the time of polli- 
nation) are borne laterally on short 
branches. Most are open during the 
period when pollen is shedding but on 
some trees female flowers continue to 
open after the male cones have fallen. 
The flowers are numerous, particularly 
on young trees, but only a small percen- 
tage of them develop into cones. Some 
shrivel and fall within a few weeks of 
opening, others remain alive on the tree 
for a year or more but never develop 
further. The number surviving varies 
very greatly between different trees. 

Development of cones has been followed 
and an attempt made to determine time 
intervals between different stages. This 
is not easy as cones are not all at the same 
stage of development at the same time. 

In C. robusta in mid-summer ( January) 
cones of all sizes between 3-4 mm. and 
24 cm. can be found and correspondingly 
young embryos have been found in all 
months between March and October. 
Pollination by contrast is limited to 
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three months — August, September and 
October. Since it has been found an 
almost invariable rule in conifers that 
the interval between pollination and 
fertilization is constant for a species, the 
position in C. robusta seemed to require 
investigation. Records have been kept 
over a number of years of trees in the 
University grounds where there are many 
plants of all ages. These records give a 
picture of extraordinarily variable and 
apparently inconsistent behaviour in the 
growth of the cones. 

The majority of flowers are pollinated 
in September. During the next few 
weeks the sporophylls thicken slightly 
and almost cover the ovules but there is 
little increase in diameter. These minute 
cones (2-3 mm. diameter) remain un- 
changed for a year or more before growth 
is resumed some time between September 
and November. Once started growth is 
comparatively rapid and cones which 
start in October attain a diameter of 
about 2 cm. in December. Growth is 
slower in the dry summer months of 
January, February and March. Fertiliza- 
tion occurs in April and developing em- 
bryos are found through May and June. 
Thus the interval between pollination 
and fertilization is typically nineteen 
months, of which the first twelve were 
spent in a dormant condition and almost 
all the enlargement of the cone took 
place in the last seven months. Cones 
have almost, if not quite, reached their 
full size at fertilization but become more 
woody as the seeds mature. Where cones 
renewed their growth later than October, 
fertilization and development of embryos 
was also later. Considerable variation 
in date of starting growth and rate of 
growth through the summer was observed, 
which accounts for some of the difference 
in size of cones on the trees in February 
and March. 

There is another explanation, however, 
for the small cones found on some trees 
at this time. These have omitted the 
long dormant stage and started to grow 
within three or four months of pollination. 
They are found starting to enlarge from 
early December onwards. These repre- 
sent a small percentage only of the total 
number of cones, although they may be 
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numerous on a particular tree. Cones 
which have grown in the same season in 
which they were pollinated and cones 
which remained dormant for a year 
before growing are found on the same tree 
and even on the same branch. Occa- 
sionally on one small twig one cone grows 
in the first season, the others remain 
dormant until the following year. This 
gives the extraordinary effect of appa- 
rently young cones growing out of the 
stem of an old one. I can suggest no 
explanation for this difference in beha- 
viour of apparently identical cones grow- 
ing under the same conditions. 

In C. roei, pollination occurs in summer, 
growth starts the following spring, and 
although the initial enlargement of the 
cones is rapid it slows down and almost 
another year elapses before fertilization 
occurs. C. macleayana has a similar 
dormant period but development after 
this is much more rapid and fertilization 
occurs about four to five months after 
the cones start to enlarge. 

C. drummondii is the only one of the 
species investigated in which the dormant 
period is relatively short. Young flowers 
develop in acropetal succession on the 
same shoot from June to October, and 
towards the end of this period some of 
the lower cones which were pollinated 
early start to enlarge. As in C. roei the 
period of growth up to fertilization is 
about a year with embryos reaching their 
maximum size three to four months 
later. 

Other species have not been observed 
continuously but from information avail- 
able it seems that in most of them polli- 
nation occurs in spring, the cones remain 
small and dormant for many months and 
then grow fairly rapidly. The interval 
between pollination and fertilization is 
about 14 months for C. macleayana, 16 
months for C. muelleri, 18-20 months 
for C. calcarata and C. verrucosa, and 
probably longer for C. rhomboidea and 
C. glauca, Figures for these species are 
approximate only as they are based on 
a few collections, not continuous obser- 
vations on the same trees. 

Table 1 summarizes information obtain- 
ed on the seasonal development of some 
of the above species, 
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re nu ne 


TABLE I 

WINTER SUMMER WINTER SUMMER WINTER 

JJASONDIJFMAMJIJASONDIJFMAMIJJAS 
C. drummondii + + + + o O 010000000000 
C. robusta (1) On ONEO1 | OmOm OO LOO O 000 OIONOID OO GO One 
C. robusta (2) +o0o00/00000 080 9 9 9 
C. muelleri + 0 0 000000000000 0 
C. calcarata + 00/0 000 0 00000000000SG%G00 
C. voei +++++-+0 0000000 000000000 
C. macleayana +++++++0000900000B Bd 


+ Pollen shedding and female flowers open. 


o Closed flowers remaining small. 
O Cones enlarging up to fertilization. 
@ Embryos developing. 


Table showing season and duration of stages in different species — based in each case on cones 


from one tree. 


Mature cones often remain unopened 
on the trees for many years, but dry 
conditions may cause early shedding of 
seeds. It was noticeable in the parti- 
cularly dry summer of 1949-50 that a 
Jarge number of cones of C. robusta 
opened. 


Seedlings 


Seeds germinate about May or June 
after the onset of the winter rains. Ger- 


‘ mination presents no unusual features. 


The radicle emerges, hypocotyl elongates 
and the cotyledons pull out from the testa, 
which may or may not be carried up as 
the hypocotyl straightens. The coty- 
ledons grow to linear green leaves about 
1-14 cm. long. The first true leaves form 
a single opposite pair followed by whorls 
of four. In C. robusta the slender needle 
leaves of the 4-ranked juvenile foliage 
give way to the small appressed decurrent 
3-ranked adult leaves when the seedling 
is only a few inches high but in some 
species (e.g. C. muelleri) the growth of 
juvenile leaves may be more prolonged. 
The case of C. macleayana with its very 
long persistent juvenile foliage has already 
been mentioned. 


Male Cone 


The male cone is made up of five to ten 
alternating trimerous whorls of sporo- 
phylls each bearing three sporangia on 
the undersurface. Each sporophyll is a 
peltate scale with a thin serrated margin 
and with its stalk attached nearer the 
lower edge. The sporangia are sessile 
on the stalk close against the expanded 
end of the sporophyll and, at maturity, 
project below it. The three terminal 
sporophylls adhere closely to form a 
distinct apical cap, sometimes, parti- 
cularly in C. roei, extended into a point. 
In some cases the three individual sporo- 
phylls are separable, but in others are 
very closely adherent or even fused and 
appear to be on a common stalk. There 
is considerable variation in the degree 
of fusion, even in cones from the same 
branch, but in general apical sporophylls 
tend to be free in C. robusta and C. 
calcarata, and fused to some degree at 
least, in C. roet, C. drummondii and C. 
macleayana. 

Cones of all species have the same 
general organization, but there is con- 
siderable difference in size, extremes being 
represented by C. macleayana with rela- 
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tively broad cones and C. robusta with 
very slender ones. 

When the cone is ripe, the axis elon- 
gates, the sporophylls tilt back and the 
sporangia open. Dehiscence is gradual, 
the walls of the sporangium open back, 
a mass of pollen surges out and in still air 
simply falls on to the sporophyll below, 
whence it is dispersed by the movement 
of the branch. 

The development of the sporangium 
has not been studied in detail, but as far 
as seen, presents no unusual features. 
A sporangium at the pollen mother cell 
stage has the wall made up of an epidermal 
layer and a single, sometimes irregularly 
double, inner layer of small thin-walled 
cells. There is a very poorly defined 
tapetum surrounding the central sporo- 
genous tissue. The wall is still thin at 
maturity; the inner cells have collapsed 
and the epidermal cells are thickened 
only by vertical ribs laid down alternately 
on walls of adjacent cells. Dehiscence 
of the sporangium is by a slit which shows 
no special modifications of neighbouring 
cells. 

The mature pollen grain is spherical 
with a thin exine and a very thick hyaline 
intine. There is no germ pore. In C, 
macleayana the surface of the exine dis- 
tinctly shows finely granular flecks; this 
is less noticeable in other species. Fig. 3 


Fic. 3— Pollen grains in optical 
showing exine, thick intine, single nucleus and 


section 


cytoplasm with starch. (a), C. muelleri. (b), C. 
robusta. (c) and (d), C. macleayana. (d), a pollen 
grain in water, intine greatly swollen and escap- 
ed from exine. 
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shows grains of C. macleayana, C. robusta, 
and C. muelleri. Apart from difference in 
size the structure of the pollen is, as would 
be expected, essentially the same in all 
species, and is quite typical of the Cupres- 
saceae. 


Structure and Development of 
Female Cone 


The female cone at the time of pollina- 
tion consists of three inner and three outer 
sporophylis spread widely to expose a 
group of erect ovules surrounding the 
central columella. At this early stage 
cones of the various species differ little 
except in the number of ovules. In this 
respect C. robusta and C. roei represent 
extremes for the genus; C. robusta with 
forty-five to fifty-five closely packed 
ovules and C. roei with six perfect ovules 
only. 

Cones are extremely small; the open 
“flower ” of C. robusta with its numerous 
ovules measures only about 2:5 mm. 
from tip to tip of the sporophylls. Flowers 
of C. verrucosa, C. glauca, C. cupressi- 
formis, C. calcarata, C. arenosa and C. 
muelleri are very similar to those of C. 
robusta except for their smaller number 
of ovules. C. drummondii has flowers 
little more than 1 mm. in diameter with 
the same arrangement of ovules as C. 
roei, C. macleayana has relatively large 
flowers with long pointed sporophylls. 
Outline drawings ( Fig. 11) show differ- 
ences between some of the species men- 
tioned. When the flowers first open the 
sporophylls stand more or less erect but 
gradually flatten out and enlarge slightly 
during the period over which pollination 
drops are produced. 

Figs. 4 and 5 are photomicrographs of 
C. roei. Fig. 4 shows pollination drops 
on the tip of the ovules. These can be 
observed in flowers on the trees, although 
the small size of ovules and drops makes 
this more difficult than in some. other 
genera of the Cupressaceae with larger 
cones and ovules. Cones of C. roei were 
marked and watched daily. Persistence 
of the drop on any particular day depends, 
naturally, on external conditions. On 
an average summer day most of the 
drops had evaporated by 10 or 11 a.m. 


Fics. 4-10 — Figs. 4, 5. Open flowers of C. roi. The ovules in Fig. 4, have pollination drops, 
the columella shows in the centre. x 20. Fig. 6. C. robusta; branch with cones which had been 
pollinated more than a year earlier. Some cones in face and side view small as when newly 
pollinated, others growing. x 4/5. Figs. 7, 8. Enlarged views of cones such as those of upper 
branches in Fig. 6. Fig. 7, Dormant cones in which sporophylls have grown very little over the 
ovules. Fig. 8. Side view of cones in which the first signs of growth can be detected at the base 
of the sporophylls — it is most noticeable in the cone on the right. Fig. 9. Mature cone of C. 
vobusta. x 4/5. Fig. 10. Cone which has opened and shed its seeds leaving scars surrounding the 
central 3-lobed columella. 


Fic. 11 — Outline drawings of flowers of various species. 


b, closed. c, C. drummondii. d, C. roet. 
eight-merous flowers open and closed. 


to reappear next morning. On a dry 
windy day drops disappeared much earlier. 

The presence of pollen in the drop 
causes its absorption back into the 
micropyle. This has been checked in the 
laboratory. In C. roet where the ovules 
are separated from each other, it is 
possible to pollinate one ovule at a time. 
If the flower is mounted under a dissect- 
ing microscope pollen can be dropped 
from a needle on to one ovule of a pair. 
Thus the behaviour of pollination drops 
can be compared in ovules of the same 
cone, under identical conditions, except 
for the presence or absence of pollen grains. 
After pollination the drop gradually 
diminishes in size and usually within ten 
to twenty minutes has contracted into 
the micropyle. No change occurs in 
adjacent unpollinated ovules. The grains 
remain in the surface layers of the liquid 
and are only drawn into the micropyle 
as the drop shrinks. Contraction of the 
drop following contact with pollen has 
been demonstrated in the same way for 
C. roet and C. macleayana, and C. maclea- 
yana pollen on C. roei ovules. 


e, f, g, C. macleayana. 


ımm » 


a, b, C. robusta. a, open flower. 


e, six-merous flowers. f, g, 


Following pollination there is a slight 
thickening of the base of the sporophylls 
so that they press in on and partly overtop 
the ovules. This initial closing of the 
cone involves little increase in diameter. 
The points of the sporophylls may remain 
spread as in the open flower or may be- 
come more erect. The degree to which 
the cone is closed varies greatly in C. 
robusta. It is probably related to the 
number of ovules pollinated. Certainly 
cones which have not been pollinated do 
not close. In C. macleayana the sporo- 
phylls of pollinated cones meet and com- 
pletely close the cone. In C. roei the tips 
of the ovules remain exposed. At this 
stage the cone has its long rest as des- 
cribed earlier. 

When growth is resumed the lower 
part of the sporophyll enlarges, carrying 
the tip up and over the ovules. Fig. 8 
shows a spray of cones of C. robusta in 
which growth has just started. Com- 
parison of this with the cone in side view 
of Fig. 7 shows how the growth is occur- 
ring in the lower part of the sporophyll. 
Fig. 6 shows part of a branch with 


- Some of these are differentiated 
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dormant cones in side and face views, 
and some which have grown to about 7 to 
10 mm. A longitudinal section of a 
slightly younger cone (Fig. 21) shows 
how the sporophylls have arched over 
the ovules to meet in the centre. Where 
the sporophylls touch, the epidermal cells 
from each side grow out to interlock so 
that the cone from this time on is really 
closed. Cones continue to enlarge mainly 
in the lower part and the points on the 
sporophyll become relatively less promi- 
nent. By the time the cones are about 
half their final size the resin blisters 
characteristic of the mature cone, are 
usually just visible and continue to en- 
large with the growth of the cone. Mature 
cones are shown in Figs. 9 and 10. 

The above description applies to C. 
robusta but cone development is essen- 
tially the same in all species except for 
difference in size and shape characteristic 
of the species. 

A feature of the cones of most species 
is the number of imperfect seeds. Some 
of these are normally developed ovules in 
which the young embryos have shrivelled, 
or which may not have been fertilized. 
These have the same external appearance 
as fertile seeds but the centre is eventually 
shrunken or hollow. There are, how- 
ever, ovular structures which from the 
start have no chance of becoming seeds. 
into 
nucellus and integument with normal 
micropylar structure, but no prothallus 
develops; others have no internal differen- 
- tiation at all. These continue to grow 
becoming eventually flattened stony struc- 
tures without the thin wings of a normal 
seed. 


Structure and Development of Ovule 


A noteworthy feature of the ovule in 
Callitris is the extremely early stage in 
its morphological development at which 
it is pollinated. It consists of a very 
small nucellus surrounded by the integu- 
ment which extends up to form a micro- 
pyle of the same width as the nucellus. 


The upper rim of the integument is very 


uneven in C. muelleri (Fig. 19a), and 
most other species, but almost even in 
C. roei. Figs. 12 and 13 are longitudinal 
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sections of ovules of C. 
C. roei. 

After the ovule has been pollinated the 
micropyle is closed or partially closed by 
ingrowth of cells lining the integument. 
Fig. 14 is part of a median section of-a 
flower which had been effectively polli- 
nated and in which the micropyles of all 
the ovules were closed. (This happens 
before the closing in of the sporophylls 
described under development of the cone.) 
Evidence has been obtained that it is the 
presence of pollen which stimulates the 
growth of the micropyle-closing-cells. 
Sections were cut from flowers of C. 
robusta which had opened and remained 
open for several weeks after pollen had 
finished shedding. In three flowers each 
with forty or more ovules the micropyles 
were all open with one exception. This 
one ovule had a pollen tube in the nucellus. 
Evidently one stray pollen grain had 
reached this ovule. Failure to close the 
micropyle was also observed in unpolli- 
nated ovules of C. drummondii. 

In C. robusta and most other species 
the closing cells are in the lower part of 
the micropyle only, leaving a long upper 
part in which the cells usually collapse 
later. In C. roei and C. drummondit, 
however, the closing cells fill, in fact 
almost bulge out of, the short broad 
micropyle. 

It is in the structure of the micropylar 
region that the greatest differences exist 
between the ovules of different species. 
C. robusta, C. rhomboidea and C. muelleri 
have relatively narrow micropyles with 
unlignified closing cells, while in C. roer 
and C. drummondii the micropyle is short 
and broad with heavily lignified closing 
cells. In C. macleayana the closing cells 
are also strongly lignified but the micro- 
pyle has a longer apical portion. 

After the micropyle has closed there 
is no further growth in the ovule until 
cones’ have resumed growth after the 
resting period. Fig. 15 is from a section 
of a cone which had enlarged to about 
3 mm. diameter. This cone was more 
than a year older than that of Fig. 14 — 
comparison will show how little change 
there has been in the ovule. The upper 
part of the micropyle has shrivelled some- 
what and most of the cells are filled with 


robusta and 


12-18. 


Fics. 


a — 
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heavily staining material. Growth is 
just starting at the base of the ovule. 
In C. drummondii (Fig. 16) there has 
been more growth. More advanced stages 
are shown in Figs. 22 and 23. 

The rapid growth, initiated in a narrow 
zone and almost entirely in one plane, 
results in the new tissues forming long 
radiating lines of cells evident in longitu- 
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dinal sections of ovules. This becomes ap- 
parent shortly after formation of the mega- 
spore, is a conspicuous feature through- 
out the early free nuclear stages, and 
persists until the tissue has been used up 
by the growth of the prothallus. It can 
be seen in Figs. 22 and 23. 

The micropylar region (the only part 
present at pollination, is pushed up by 


Imm 


Fic. 19 — Series of drawings to show changes in proportions in different parts of the ovule 


of C. robusta as it grows. a, at pollination. 


b, megaspore mother cell stage. 


c, uninucleate 


megaspore. d, e, free nuclear stages in the megaspore. f, cellular prothallus with archegonia 
against the pollen tube. (b-e, from hand sections cleared in lactophenol. f, from a microtome 
section ). 

<—— 


Fics. 12-18 — Fig. 12. C. robusta, 1.s. young ovules with open micropyle, pollen grain on the 
nucellus. x 120. Fig. 13. C. voei, ls. pair of ovules with wide open micropyles x 120. This is 
from a section of a flower at the stage of Fig. 4. Fig. 14. C. vobusta, part of a median ls. of a 
recently pollinated cone, ovules with closed micropyles; columella on right, portion of sporophyll 
at left. x 100. Fig. 15. C. robusta, L.s. ovules from a cone which has just started to grow after 
the dormant period. Long micropyles with cells of upper part of integument collapsed, micro- 
pyle-closing-cells in lower part, pollen tubes in the nucellus. Fig. 16. C. drummondit, 1.s. ovule in 
which some growth has occurred below the original part formed before the resting stage. x 140. 
Fig. 17. C. roei, enlarged view of micropyle with lignified closing cells. Fig. 18. Micropylar region 
of an older ovule of C. muelleri. X 70. 
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5-0 mm 


c D 


F1G. 20 — Outline drawings of mature seeds. 
A, C. calcarata. B, C. robusta. C, C. macleayana. 


D, C. roei. 


growth of tissue at its base. No cell 
divisions occur in the original part of the 
nucellus which remains as a distinct tip 
( coloured in the living ovule and staining 
heavily in sections) on the main body 
of the nucellus as it develops. The 
integument is entirely free from the 
nucellus. A band of tissue of varying 
width becomes lignified in the upper part 
of the integument, gradually extending 
downwards and hardening with age. 
This hardening of the integuments begins 
earlier and is much more marked in some 
species, (C. calcarata, C. muelleri) than 
others (C. roei, C. drummondii ). 

As the ovule grows the integument 
extends out into wings. In C. roei and 
C. drummondii with their six evenly paired 
ovules, the wing fitting down the crack 
between the sporophylls develops to 
cover the whole inner side of the cone 
scale, while the wing against the colu- 
mella is small. In C. robusta and others 
with crowded ovules there are two evenly 
developed lateral wings, the whole ovule 
flattened in that plane, but ovules at the 
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corner, where there is room for three 
wings, do have this number. Outline 
drawings of mature seeds, (Fig. 20) 
show differences between species. These 
illustrate the range for the genus. Most 
other species have seeds similar to those 
of C. calcarata or C. robusta. C.macleayana 
with its single lateral wing is exceptional. 

The series of diagrams in Fig. 19 
indicate changes in the proportions of 
parts of the young ovule as it grows. 
They may help to connect the account 
of the gametophytes which follows with 
the description of the ovule just given. 
Details of cell structure in comparable 
stages can be seen in the photomicro- 
graphs. 


Female Gametophyte — Development 
of Prothallus and Archegonia 


Some weeks after the cones have 
started to enlarge, and by the time the 
ovules have reached the stage of Fig. 23, 
a group of potential megaspore mother 
cells can be recognized by their larger 
lightly staining nuclei. There are never 
more than three or four and sometimes 
one or two only. Two such cells are 
present in the centre of the nucellus in 
Fig. 23. These enlarge somewhat and 
one eventually becomes the functional 
spore mother-cell dividing to give the 
usual row of megaspores of which one 
enlarges and the others abort. The two 
or three other sporogenous cells are early 
crushed by the growing megaspore which 
thus has no surrounding spongy tissue. 

The development of the megaspore 
follows the usual pattern for conifers — 
a long period of free nuclear division in 
which the central vacuole enlarges and 
nuclei in the peripheral cytoplasm divide 
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Fics. 21-29 — Fig. 21. C. robusta, 1.s. young cone (5 mm. diam.) cut in the plane of the apices 


of two of the three inner sporophylls. x 12. Fig. 22. C. roei, l.s. pair of ovules in median section. 
(c, micropyle closing cells; p.t., pollen tube; m,. megaspore.) x 50. Fig. 23. C. robusta, l.s. young 
ovule, early megaspore mother cell stage. Fig. 24. C. drummondii, 1.s. ovule, early free nuclear 
stage in prothallus. x 90. Fig. 25. T.S. ovule, late free nuclear stage, pollen tube at upper edge 
of prothallus. Fig. 26. T.S. ovule; cell formation in prothallus. Small cells at outer edge, long 
cells met in centre. Fig. 27. C. roei, l.s. prothallus; parts of two proembryos below cavity. 
Fig. 28. C. drummondii, 1.s. upper part of ovule with integument removed; embryos with secondary 
suspensor, primary suspensors crowded in upper part of prothallus which is crushed against the 
nucellus; remains of unfertilized archegonia showing as dark patch at right of cavity. x 50. 
Fig. 29. C. robusta, 1s. older embryo. Cotyledons just appearing, secondary suspensor breaking 
down. X 50. Note binucleate prothallial cells in Figs. 27, 28 and 29. 
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Figs. 21-29. 
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repeatedly. In Callitris the megaspore 
is long and narrow in conformity with 
the long narrow ovule. Growth in the 
free nuclear condition continues until 
the megaspore almost reaches the base 
of the ovule. Fig. 24 shows a fairly early 
free nuclear stage in an L.S. of the ovule 
of C. drummondii; Fig. 25 is a later stage 
in (dao. 

Before wall formation the layer of 
cytoplasm increases in width and becomes 
vacuolate and the spindle fibres joining 
the nuclei become conspicuous. Full 
details of cell formation have been given 
by Doyle (1940) who found that at the 
last mitosis in the freé nuclear gameto- 
phyte all the spindles stand erect at right 
angles to the membrane. Cell walls form 
these on spindles and on those connecting 
the nuclei laterally, so that a thin 2-celled 
layer is formed. The alveoli advance 
inwards until they meet and become closed 
at the centre as in Fig. 25 — the small 
cell can be seen at the outer edge of the 
prothallus. This small outer cell formed 
before the inward growth of the alveoli 
is a distinctive feature for the Callitro- 
ideae. It was recorded by Saxton for 
each of the three genera. The long cells 
are next segmented by cross walls giving 
regular rows which can be distinguished 
for a long time in any parts of the pro- 
thallus not disturbed by enlarging cells. 

Against the pollen tube a line of long 
cells remain unsegmented and become the 
archegönial initials. There is at first 
nothing except position to identify them 
as archegonia. They are thin-walled 
highly vacuolate cells with the nucleus 
suspended by thin strands across the 
centre. Later the nucleus migrates to 
the apex against the neck cell leaving a 
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central vacuole. Such clearly recogniz- 
able archegonia are shown in Fig. 5, an 
L.S. of an ovule in the plane of the pollen 
tube. In the mature archegonium the 
large vacuole has disappeared and the 
egg nucleus is found at the centre. The 
formation of a ventral canal nucleus has 
been described by Doyle. 

The cells of the prothallus are uni- 
nucleate until the archegonia are mature 
and are consistently binucleate after 
fertilization. Later some cells may be- 
come quadrinucleate. 


Male Gametophyte — Development of 
Pollen Tube and Male Gametes 


As described earlier the pollen grain 
lodges on the pollination drop and is 
sucked back into the micropyle. Fig. 12 
and Figs. 30-32 are from sections of cones 
which were pollinated in the laboratory 
and fixed the following day. Sections of 
these cones naturally showed many pollen 
grains. Some had swollen enormously 
and slipped from the exines, others still 
had the exine showing. The grains 
flatten against and adhere closely to the 
apical cells of the nucellus — ( Figs. 30 
and 31). The tube grows down between 
the cells, expanding and pushing out in 
broad irregular lobes. Where two or 
three of these branching pollen tubes are 
present on one small tip the picture be- 
comes highly complicated, so that ovules 
with one pollen tube only have been 
deliberately used in the camera lucida 
drawings. 

The pollen grain is uninucleate when 
shed and when first seen in the micropyle 
( Fig. 32). The two divisions cutting off 
stalk and tube nuclei occur usually but 


ur 


Fics. 30-43 — Figs. 30, 31, 32. Uninucleate pollen grains in the micropyle the day following 


pollination. 
in Fig. 31, it has slipped out of the exine. 


the right-hand ovule of Fig. 22. 


Fig. 41. Pollen tube from an older ovule. 


In Figs. 30, 31, the grain has spread to fit closely to the apical cells of the nucellus, 
Fig. 33. Short binucleate pollen tube. 
Three-nucleate pollen tubes; all from ovules fixed within a few weeks of pollination. 

the smaller darker nucleus is that of the body cell. 
started to grow after the resting period; ovules at stage of Fig. 15. 


Figs. 34-38. 
In each case 
Fig. 39. Pollen tube from a cone which has 
Fig. 40. Two pollen tubes from 
It has just reached 


the tip of the early free nuclear prothallus, body cell still small, but with distinct sheath of cyto- 
plasm, stalk and tube nuclei immediately below the body cell; crushed and degenerating cells of 
the nucellus against the pollen tube. Fig. 42. Whole pollen tube as dissected from the ovule at 
a late free nuclear stage of the prothallus, body cell enlarged. Fig. 43. Pair of sperms in Ls. of 
pollen tube. All drawings of C. robusta, except Fig. 39, C. muelleri and Fig. 40, C. roei. Most 
drawings constructed from two consecutive microtome séctions. 


Fics. 30-43. 
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not invariably, while the nucleus is still 
in the grain, and apparently in rapid 
succession. Only one binucleate tube 
has been found ( Fig. 33). Sections of 
ovules soon after pollination (collected 
in the middle of the shedding season with 
the cones still wide open ), have trinucleate 
tubes. The tube nucleus is near the tip 
and the other two in or near the grain, 
the body cell nucleus, distinguished by 
its smaller size, lying between the other 
two. Figs. 34 and 35 are drawings of 
pollen tubes from ovules of C. robusta at 
the stage photographed in Fig. 14. Fig. 
38 shows the same stage in C. muelleri. 
As the tube grows the nuclei move further 
down. The trinucleate stage with body 
cell between stalk and tube is the one in 
which the tube remains during the dor- 
mant period of the cone. 

Fig. 39 is from a cone of the previous 
year just starting to enlarge. Here the 
stalk nucleus has moved down below the 
body cell. It is only at this and earlier 
stages that stalk and tube nuclei can be 
distinguished from each other; later they 
come to lie abreast, just in front of the 
body cell, a position which is maintained 
throughout the long growth of the pollen 
tube. From this time onwards the body 
cell shows as a distinct cell with dense 
cytoplasm. Fig. 41, from an ovule in 
the early free nuclear stage of the pro- 
thallus shows such a distinct body cell. 
Fig. 40 shows the nuclei of two pollen 
tubes. These are from the right hand 
ovule of photograph of C. roei ( Fig. 22). 
The drawing is built up from structures 
seen in three consecutive sections. 

When the megaspore is formed, the 
pollen tube is still in the tip of the nucellus. 
Fig. 22 shows the depth of penetration 
at this stage of development. In the 
long period of growth of the ovule during 
which the free nuclear prothallus is en- 
larging, the pollen tube pushes its way 
through the nucellus, and down the side 
of the prothallus. It is approximately 
in its final position by the time cell forma- 
tion is initiated. 

There has been some doubt as to 
whether in the Callitroideae the pollen 
tube actually penetrates the megaspore 
membrane or merely pushes in and be- 
comes more or less enclosed by it. Cer- 
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tainly the lower part of the tube is at 
times completely surrounded by pro- 
thallial tissue. Doyle ( 1940 ), is satisfied 
that the tube does not penetrate the 
membrane. Moseley (1943), considers 
this to be the case also in Widdringtoma. 
On the other hand, Saxton ( 1910 ) writing 
of Widdringtonia, says: “ At the point 
where the pollen tube pierces the mem- 
brane a slight constriction almost in- 
variably occurs, while the tip of the tube 
dilates to form a kind of vesicle just 
within the prothallus. Preparations are 
often met with in which the contents of 
the tube are just opposite the constriction 
indicating a certain amount of difficulty 
in passing this point.’’ For Actinos- 
trobus also Saxton’s drawing shows pollen 
tubes definitely inside the prothallus with 
the megaspore membrane continuous out- 
side them. 

It is possible to dissect out pollen tubes 
in the later stages when the wall has be- 
come rather less fragile — one such is 
shown in Fig. 42. The pollen tube can 
usually be pulled away from its groove 
in the prothallus for some distance and 
then it resists further pulling and may 
break off suddenly. Such behaviour 
suggests to me, though it is no proof, 
that the membrane has been penetrated 
at this point. 

In most sections the lower part of the 
pollen tube lies against but internal to 
the megaspore membrane (Fig. 46). 
Several slides at the late body cell stage 
show convincing evidence of penetration. 
The pollen tube is inside the tissue of the 
prothallus separated from the megaspore 
membrane which shows as an unbroken 
line. Other slides after fertilization show 
the lower extension of the pollen tube 
surrounded by prothallial tissue. 

During the long growth of the pollen 
tube the body-cell enlarges steadily. Figs. 
45 and 46, T.S. and L.S. respectively, 
give the structure of the body cell shortly 
before division, and show the large nucleus 
and surrounding cytoplasm. Some slides 
show the body cell with the “ hourglass ” 
form described by Doyle for C. rhomboi- 
dea. This shape is probably assumed 
just prior to division. 

The pair of sperms in an L.S. of the | 
tube are shown in Fig. 43. They are well 


Fies. 45-54 — Fig. 45. L.S. in the plane of the pollen tube ( p.t.) and line of archegonia, body 
cell (b.c.) in median section with the much smaller tube and stalk nuclei (See) immediately 
below it. Fig. 46. Body cell in transverse section of the pollen tube. Fig. 47. Sperm cell in trans- 
verse section showing the sheath of heavily staining cytoplasm surrounding the nucleus; lighter 
zone outside. X 480. Fig. 48. Sperm entering the archegonium from pollen tube on the right. 
x 480. Fig. 49. Male and female nuclei in contact. x 480. Fig. 50. Proembryo in t.s. of pro- 
thallus. x 190. Figs. 51, 52. Two adjacent proembryos after the suspensor cells have been 
formed. In Fig. 52 they have started to elongate; upper cells still intact. x 190. Fig. 53. Another 
proembryo showing two non-embryonic cells, one suspensor-embryo unit and parts of two of the 
other three; pollen tube above and degenerating archegonia to the left. x 190. Fig. 54. Two 
embryos with the suspensors (s.) partly elongated, embryonic cell (e.) at tip. x 190. ( Figs. 
51-54, all in transverse sections of the prothallus ). 
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organized cells with dense cytoplasm 
showing a heavily staining sheath sur- 
rounding the nucleus. This is in contrast 
to the uniformly staining cytoplasm of 
the body cell. The sheath shows clearly 
in Fig. 47, a photograph of a mature male 
cell from a T.S. stained with iron haema- 
toxylon. 


Fertilization and Proembryo 


Two adjacent archegonia are fertilized 
by each pollen tube, normally two at or 
very near the lower end of the group. 
Male and female nuclei in contact have 
been found in several slides. They lie 
either one above the other or side by side. 
The two nuclei, alike and equal in size, 
are surrounded by a dense sheath. Fig. 
48 shows a sperm entering the archego- 
nium and Fig. 49 a slightly later stage 
where the sheath of dense cytoplasm from 
the sperm has completely surrounded 
the two nuclei. In the section next to 
this one the outline of the male cell and 
the clear outer portion of the cytoplasm 
can still be distinguished at the top of 
the archegonium. There is no doubt that 
the sheath surrounding the pair of fusing 
nuclei includes cytoplasm from the male 
cell. 

A striking feature of the archegonia at 
this stage is the large size of the nuclei 
relative to the total size of the egg. The 
fusing nuclei with their enclosing sheath 
occupy practically the whole archegonium. 

The proembryo of Callitris has been 
adequately described by Saxton (1910) 
and Doyle (1940). It is walled at the 
four nucleate stage, but further divisions 
occur to give a 6-7-celled (sometimes 
more) mature proembryo. Each of the 
four lower cells divides unequally into a 
small embryonic and a larger suspensor 
cell. There is no constant arrangement 
of these two celled units except that the 
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embryonic cells point towards the edge 
of the proembryo. The two or three 
remaining upper cells disappear soon 
after the formation of the suspensor cells. 
Figs. 51 and 52 are two adjacent pro- 
embryos — in Fig. 52 the suspensor cells 
have begun to elongate, the non-em- 
bryonic upper cells are still intact. Fig. 
53 is from another proembryo showing 
two non-embryonic cells and part of three 
of the four suspensor-embryo units. Fig. 
54 shows two embryos at a slightly later 
stage. 

The unequal division of four cells in the 
proembryo determines the primary sus- 
pensor-embryo units which from this 
stage on elongate independently. There 
is no elongation of any part of the pro- 
embryo as a whole, i.e., there is no pro- 
suspensor. (The terms are those used 
by Buchholz.) 


Suspensor and Embryo 


Development of the embryos can be 
followed by dissection from the time the 
embryonic units are differentiated in the 
proembryo. 

The approximate stage of development 
of the embryo system can be recognized 
by the condition of the prothallus. When 
the suspensors begin to elongate the 
prothallus is clear and turgid, and the 
position of the developing embryos is 
shown by a dense patch in the translucent 
tissue. Later there is a conspicuous 
cavity in which lie the long coiled primary 
suspensors and later still the upper part 
of the prothallus is crushed concertina- 
wise against the nucellus (Fig. 28). 
Starch grains appear in the prothallus 
usually about the embryonal tube stage 
and by the time cotyledons are forming 
the lower part is white and firm with the 
cells densely packed with starch. At 
this stage the prothallus is very easily 


Fics. 55-62 — Fig. 55. An undisturbed group of very young embryos. 


— 
Fig. 56. Eight embryos 


showing position in the prothallus in relation to the pollen tube and line of degenerated unfertilized 


archegonia. 


ing, embryos 1-celled. 


The drawing was built up from four consecutive sections. 
before the suspensors have become coiled and folded. 


Fig. 57. Group of embryos 
Figs. 58, 59. Groups with suspensors elongat- 


Division of embryonic cell has occurred in two of the embryos of Fig. 58, 


although the suspensors are much shorter than those of Fig. 60. Figs. 60, 61. Groups with primary 


suspensors fully elongated, embryos multicellular. 


Suspensors. 


Fig. 62. Another group with much shorter 


Fies. 55-62. 
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handled but in early stages is frail and 
easily damaged. 

The method of dissection was slightly 
different from that described by Buch- 
holz (1938) for gametophytes with 
apical archegonia. The prothallus was 
dissected from the nucellus and mounted 
in water in a hollowed slide. It was then 
slit up one side from the base using a 
knife-edged needle and torn open from 
below the suspensors. This releases the 
tips of the suspensors first. If they are 
pulled out from above the embedded 
embryos are often left behind. 

In the earlier stages the minute embryos 
— distinguishable from prothallial cells by 
their dense cytoplasm and starch — can 
be seen at the lower end of the group of 
more or less collapsed unfertilized arche- 
gonia. On dissection they tend to float 
out separately, each consisting of a small 
embryonic cell and a larger suspensor 
cell. A group of embryos with the cells 
still in contact is drawn in Fig. 56. Some- 
times the remains of the upper part of 
the proembryo can be found adhering to 
one of the embryonic units. The posi- 
tion of young embryos in the prothallus 
is shown in Fig. 55. This shows two 
groups of four embryos, the products of 
two fertilized archegonia near the end of 
a pollen tube, with the remains of un- 
fertilized archegonia above them. 

After appreciable elongation of the 
suspensor the structure of the unit is as 
shown in Fig. 57. Cytoplasm is con- 
centrated in the lower part where the 
large nucleus is suspended across the 
centre of the cell by cytoplasmic strands. 
Starch is usually present round the nucleus 
to a late stage in the elongation of the 
suspensors, but its amount and duration 
varies considerably in different ovules. 

Figs. 57-60 are drawings of dissected 
suspensor systems. At any of these early 
stages the number of suspensors can be 
reliably counted. In hundreds of dissec- 
tions no exceptions have been found to 
numbers in multiples of four, i.e. four 
embryos from each zygote. Eight, and 
sixteen are the commonest numbers but 
a few cases have been seen in which three 
functional pollen tubes had fertilized six 
archegonia and produced twenty-four em- 
bryos. 
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As the suspensors elongate an extensive 
cavity develops. The suspensors, elongat- 
ing in a confined space, become coiled 
and folded with their lower ends, carry- 
ing the embryonic cell, embedded in the 
firmer tissue of the prothallus below the 
cavity. Occasionally an embryo is found 
which has penetrated the megaspore 
membrane and grown down between it 
and the nucellus. | 

From dissections it is clear that the 
turgid coils of the elongating suspensor 
cells function as springs to keep the 
embryonic tips pressed into the prothal- 
lial tissue. The amount of starch present | 
decreases as the suspensors elongate. It 
is probably gradually converted into sugar, 
which maintains the osmotic pressure of 
the suspensor cells at a slightly higher 
level than that of the surrounding tissue. 

There is very great variation in the 
thickness of the wall of the suspensors, 
and in their length and diameter. In 
some groups the suspensors are long and 
of uniform diameter, in others, some or 
all of the ends are greatly enlarged into 
balloon-like structures. Where both 
straight and balloon-end suspensors occur 
in the same group it is invariably an 
embryo with a straight one which is 
ultimately successful, while suspensors 
with swollen ends usually bear rather 
irregular deformed embryos. 


Fic. 63 — Photomicrograph of unstained em- 
bryos at the embryonal tube and early secon- 
dary suspensor stage. 


o-5mm 


o5 mm 
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Fics. 64-70 — Figs. 64, 65. Enlarged view of embryos between the four and many-celled 
stages. Fig. 66. Embryonal tubes forming. Fig. 67. Later stage, one embryo bilobed. Fig. 68. 
A double terminal embryo with well developed secondary suspensor. Fig. 69. A pair of embryos 
of C. roei, the large one apparently attached to both suspensors, the smaller crushed between them. 
Fig. 70. Two embryos and four suspensors which formed part of a large group in which the sus- 
pensors were all short with enlarged ends. Most of the embryos showed budding, the lower part 
of the suspensors belonging to the embryos had collapsed, as had some of the upper cells of the 
secondary suspensors. (All drawings show surface views of the embryos). 
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In the development of the embryonic 
cell the first division is vertical, i.e. in 
line with the long axis of the suspensor, 
followed by another vertical one at right 
angles. Horizontal walls are next formed 
giving eight cells more or less regularly 
arranged, although any of the walls may 
be somewhat oblique. Further divisions 
may take place in any or all of the cells, 
The embryos drawn under high power for 
Figs. 64 and 65 show these stages. Divi- 
sion continues until there is a more or less 
globular group of cells. Embryonal tubes 
are formed by the division and elongation 
of cells at the upper edge of the group 
as can be seen in Fig. 66. These grow 
back over the end of the primary sus- 
pensor. Repeated division and elonga- 
tion eventually builds up a massive 
secondary suspensor. Different stages in 
development are illustrated in Figs. 66- 
70, and in the photomicrograph, ( Fig. 
63 ). 

Where many embryos are growing to- 
gether, growth is interfered with and some 
distortion occurs, whereas an embryo 
which attains early dominance has a 
better chance of symmetrical develop- 
ment. Irregular development due to 
mechanical crushing is common among 
upper embryos. Fig. 65 shows two sus- 
pensors interlocked in such a way that one 
embryo is crushed between the ends of 
the two suspensors while the other is well 
developed. In the early embryonat tube 
stage the embryos often become very 
irregular, unequal lobes develop and as 
the secondary suspensors elongate em- 
bryos of the type shown in Fig. 70 are 
formed. The formation of such lobed 
embryos can be explained by more rapid 
elongation of secondary suspensor cells 
in one part of the initial group than an- 
other. The degree to which this lobing 
and twinning of embryos occurs varies 
greatly. In some systems it has gone on 
to such an extent that it is hard to dis- 
tinguish which were the primary embryos. 
The lobing and partial separation is some- 
times further complicated by upper cells 
of secondary suspensors dividing up into 
groups of small cells. Most of this 
irregular multiplication of embryos by 
budding occurs among the upper embryos 
which do not survive to maturity. The 
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occasional bifurcation of the terminal 


embryo (Fig. 68) could, however, result | 


in a twinned embryo in the mature 
seed. 

Later development is as described for 
many other conifers, At the sides of 
the undifferentiated terminal mass of 
cells cotyledons gradually emerges, grow 
and eventually enclose the stem apex. 


The cotyledons are just appearing at the | 


stage shown in the photograph, Fig. 29. 
Their development is shown in the draw- 
ing of whole embryos (Fic. 71). 


The | 


rapid growth of cells which builds up the | 


root apex starts at about the same time 


as the cotyledons begin to grow (Fig. — 


29). This photograph also shows the 


cells in the outer region of the prothallus | 


packed with starch grains. 


Starch be- : 


gins to accumulate between the stages of — 


Figs. 28 and 29. Usually by this time 
the primary suspensors and most of the 
upper embryos have collapsed and there 
has been some breakdown also in the 
secondary suspensors, but the duration 
of both primary and secondary suspen- 
sors varies within wide limits. 

The mature embryo almost fills the 
seed, both the prothallus and the nucellus 
being reduced to thin layers. The usual 
number of cotyledons is two, but seeds 
and seedlings are sometimes found with 
three. 

The embryogeny has been found to be 
essentially the same for all of the species 
investigated. In C. robusta, in which 
hundreds of embryo systems have been 
examined, the variation in minor details 
is very great; probably the same applies 
to other species. For this reason it would 
be unsafe to make comparisons where a 
few ovules only had been dissected. 
However, the indications are that in 
C. roei and perhaps some other species 
the suspensors are normally long, slender 
and comparatively thin-walled, whereas 
in C. robusta they are usually, but not 
invariably, thick walled and often short. 
The secondary suspensors in both C. 
roei and C. glauca appear to be on the 
average longer and more persistent than 
in C. robusta, but d fferences are slight. 
There is naturally a size difference 


between species related to the size of the ! 


ovule. 
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Fic. 71 — Older embryos showing development of cotyledons, 


Discussion of Embryology 


It has been known for some time 
(Baird, 1937) that the suspensor and 
embryo systems are essentially the same 
for Widdringtonia, Callitris and Actinostro- 
bus, and are characterized by the com- 
plete absence of a prosuspensor. Sequoia 
_ (Buchholz, 1939) has been shown to 
have the same condition. In the last 
twenty years there have been so many 
additions to the knowledge of embryos 
of the conifers that it is now possible to 
| generalize and many papers include some 
| discussion of the subject. ( See Buchholz, 
1939; Thompson, 1945; Allen, 1946; 
Sterling, 1948; Elliott, 1951). 

Certain trends seem clear. The general 
tendency in the gymnosperms is towards 
reduction. In the embryogeny, from a 
massive proembryo with a large number 
| of free nuclei before wall formation to 
|; the small proembryo of Sequoia with wall 
formation at the first division in the 
zygote; from an indefinite number of 
* potentially embryonic cells to the pre- 
. cisely limited four units of Callitris and 
| Sequoia. Reduction in the proembryo 
of these genera may be an inevitable 


consequence of the reduction in size of 
the archegonia but this would not invali- 
date its claim to be advanced. 
Reduction is not only in the number 
of potentially embryonic units but also 
in the tiers of successively elongating 
suspensor cells. In the cycads suspensor 
cells are cut off and elongate ‘in a conti- 
nuous succession over a long period to 
produce a suspensor which may reach a 
length of 9-10 cm. In the central, and 
probably primitive type for the conifers, 
elongation of a prosuspensor is followed 
by primary and then secondary suspen- 
sors. More advanced types show loss of 
either the primary or prosuspensors. 
There are two rather different types of 
secondary suspensor. In one (e.g. Pinus, 
Sequotadendron ), a succession of em- 
bryonal tubes are cut from a 1-2 celled 
embryo and elongate considerably to 
form a very long secondary suspensor 
whose width increases in successive tiers. 
In the other type (e.g. most of the 
Cupressaceae ) the embryo consists of a 
considerable mass of cells before embryo- 
nal tubes are formed, and a broad secon- 
dary suspensor of relatively short cells 
abuts directly on to a single celled primary 
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suspensor. On the basis of the general 
argument presented above I consider the 
second type, which is found in Callitris, 
the more advanced. 

Whether cleavage or simple polyem- 
bryony is the more primitive condition 
is not so clear and opinions have been ex- 
pressed on both sides. Cleavage is achiev- 
ed in different ways: — by separation of 
prosuspensors (e.g. Taxodium and Cryp- 
tomeria); by independent growth of 
primary suspensors at the end of a 
prosuspensor (e.g. Chamaecyparis, Biota ) ; 
by separation of embryos with secondary 
and without primary suspensors (e.g. 
Dacrydium). Species with cleavage and 
others with simple polyembryony occur 
in almost every family of conifers. It 
would appear then that cleavage is not 
of itself of great phylogenetic significance 
but could have originated from, or given 
rise to simply polyembryony indepen- 
dently and in different forms in different 
groups. 

Callitris has cleavage of a definite and 
precise type with the four units from each 
zygote separating early. It seems un- 
likely that simple polyembryony ( except 
by reduction to 1 unit ) would be derived 
from cleavage at this stage. On the 
other hand, where a tier of suspensor cells 
elongates as a whole carrying a terminal 
group of embryonic cells, the difference 
between the prosuspensor units separating 
at the tips and forming several embryos, 
or hanging together to form one, does 
not seem very great, and the change 
could conceivably occur either from 
separation to union or the reverse. 

It is doubtful whether this investiga- 
tion throws any fresh light on the question 
of whether cleavage or simple polyem- 
bryony came first in the conifers except 
that it emphasizes the importance of 
position in determining the final embryo. 
In Callitris this advantage may be gained 
in two ways. Where two proembryos 
are above one another the elongating 
suspensors from the lower one have the 
advantage over those from the upper 
(Fig. 57). It is not unusual to find 
groups in which four suspensors are long 
and four short (Fig. 60). Whether a 
Suspensor penetrates deeper into the 
prothallus by virtue of an initial ad- 
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vantage of position or by more rapid 
growth, it invariably becomes the ulti- 


mately successful one even though it is 
often less massive in its early stages than 


embryos higher up in the group. Where © 
three or four embryos have long straight 


suspensors reaching to the same level, 
all may grow to an advanced stage, 
almost up to the formation of cotyledons, 
before one becomes dominant. 

To relate this back to the origin of 
cleavage polyembryony: — the suggestion 
that a massive embryo in competition 
with a small single suspensor unit would 


have the advantage is a reasonable one, © 
and is supported by the way in which | 


in late stages the larger embryos do 
suppress the smaller ones. 


On the other — 


hand, it is conceivable that a cell on the © 
end of a single elongating suspensor tube © 
would be able to penetrate the prothallial | 


tissue more readily than a group of cells 
on a massive suspensor and would thus 
gain the all important advantage of posi- 
tion. It seems to me that theoretically 
there is no reason to suppose that the 
change could not have taken place in 
either direction, 
rence of cleavage and simple poly- 
embryony is examined the weight of 
evidence seems slightly in favour of 
cleavage being the derived type since it 
occurs in rather more of the genera con- 
sidered advanced on other grounds than 
in those considered primitive’. 


Discussion of Relationships 


On the basis of purely taxonomic 
characters Callitris appears to be a natural 
genus of closely allied species. The study 
of the life history confirms this. As has 
been indicated throughout the paper the 
structure and development of the repro- 
ductive organs is essentially the same in 
all species examined. Differences found 
are in minor details only. It is worth 
recording that these differences support 
Baker and Smith’s grouping based on 
morphology of the cones and anatomy 
and chemistry of the leaf oils. 

Callitris and Actinostrobus are very 
closely related. There are only minor 


1. See table 
characters ( Moseley, 1943 ). 


When the actual occur- : 


of primitive and advanced 
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differences in cones and ovules, and 
gametophytes and embryos are practi- 
cally identical in the two genera. Acti- 
nostrobus, Callitris, and Widdringtonia 
undoubtedly form a natural sub-family 
of the Cupressaceae. They are typical 
of the family in their general morphology, 
cyclic phyllotaxy, small appressed de- 
current leaves, and cones with numerous 
erect ovules. Male cones and pollen 
grains ( Wodehouse, 1935) are similar to 
those of other genera of the Cupressaceae. 
The female cones are distinctive in the 
single whorl of sporophylls surrounding 
a central columella. 

In the gametophyte the arrangement 
of pollen tube nuclei and the organized 
male cells; numerous aggregated arche- 
gonia, and absence of definite tiers in the 
proembryo are in conformity with the 
Cupressaceae as a whole. Distinctive 
features are the long line of lateral arche- 
gonia against the pollen tube, the equality 
in size of male and female nuclei, pro- 
embryo filling the archegonium and com- 
_ plete absence of prosuspensor. 

Within the group, Widdringtonia, with 

its four merous cones and opposite and 
- decussate leaves, is the one nearest to 
the central group of the Cupressaceae 
possibly through Tetraclinis (Saxton, 
1913). Widdringtonia is more primitive 
than the others in the possession of spongy 
"tissue round the megaspore; Callitris has 
a small group of megaspore mother cells; 
Actinostrobus one only. There is some 
indication of a jacket layer round the 
archegonia in Widdringtoma and their 
position in relation to the pollen tube is 
_ more variable than in Callitris and Acti- 
nostrobus. In the structure of the sus- 
pensors Callitris shows an intermediate 
range between the relatively broad thick- 
walled suspensors of Widdringtonia and 
the slender thin-walled suspensors of 
Actinostrobus. All have dicotyledonous 
embryos. 

I agree with Saxton in placing Widdring- 
| tonia as the most primitive and Actinos- 
trobus as the most advanced of the three 
genera. It is generally agreed that the 
group as a whole is a specialized one. 
. There seems every justification for retain- 
| ing the Callitroideae as a separate sub- 
family of the Cupressaceae. Its relation 
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to other sections of the family and to the 
Taxodiaceae has previously been dis- 
cussed by Saxton ( 1913b ), Doyle ( 1940), 
Buchholz (1940), Moseley ( 1943 ). 


Summary 


Development of cones is described for 
several species of Callitris. The interval 
between pollination and fertilization is 
typically longer than one year and is 
nearer two in some species. The cones 
remain small and dormant for many 
months after pollination. 

The ovule is pollinated at a very early 
stage, long before the appearance of the 
megaspore mother cell. The pollen is 
uninucleate when shed. The three- 
nucleate condition is reached soon after 
pollination while the tube is still in the 
tip of the nucellus. 

The structure of older ovules and 
gametophytes, in which the distinctive 
feature is the long narrow prothallus with 
lateral archegonia against the pollen tube, 
was already known from the work of 
Saxton and Doyle. Their findings are 
confirmed and extended to other species. 
Species differ most in the structure of the 
micropylar region of the ovule. 

Two archegonia are fertilized from each 
pollen tube. Male and female nuclei are 
alike and equal in size. The nucleus of 
the male cell is surrounded’ by dense 
cytoplasm which at fertilization enters 
the egg and surrounds the pairing nuclei. 

Cleavage polyembryony is constant. 
The proembryo is six or seven celled. 
Four embryos on long primary suspensors 
are formed from each zygote. Some 
further multiplication by budding may 
occur in the secondary suspensor stage. 
Details of development are shown in 
drawings of dissected embryos. The em- 
bryogeny is essentially the same in 
Callitris and Actinostrobus. 

Comparison of species is made through- 
out the paper. It is considered that 
Callitris is a natural genus of closely 
related species in which C. robusta is 
probably primitive and C. roei and C. 
macleayana relatively advanced. 


I wish to thank Mrs. M. B. Johnson for 
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INTERXYLARY CORK AND FISSION OF 
STEMS AND ROOTS 


E. H. MOSS & ANNE L. GORHAM 
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The protective function of cork in the 
external parts of many stems and roots 
is generally recognized, as also is the role 
of this tissue in segregating and sloughing 
various outer portions of these organs. 
The development of suberized barriers 
below abscission layers of leaves and 
branches, and in response to surface 
wounding of tissues, is likewise a well- 
known phenomenon. Cork in the wood 
and medullary tissues, while evidently 
much less prevalent amongst plants than 
outer cork, has received relatively little 
attention from anatomists. Though inter- 
xylary cork was well described and its 
significance discussed many years ago, 
notably by Jost (1890), and though it 
has been investigated more recently by 
others, including Kingsley ( 1911), Skutch 
( 1930), Moss ( 1936, 1940), and Diettert 
(1938), this feature merits further con- 
‘sideration. The present article reviews 
briefly the chief papers on interxylary 
cork, presents new data for a wide range of 
plants, and aims to correlate the various 
‘reports, in the hope that further research 
may be stimulated. 

The earlier studies of interxylary cork 
are mainly concerned with fission of 
rhizomes and roots, also with the connec- 
tions between annual organs and the 
perennating underground parts. Accord- 
ing to Skutch (1930) the old herbalists 
were familiar with the split rhizomes of 
several species, and as early as 1849 
Irmisch described the mode of dissection 
Jost (1890), in his 
classic work on fission in species of Gen- 
tiana, Aconitum, Corydalis, Salvia and 


| Sedum, shows that splitting of rhizomes 
|. into strands is the result of the segregation 


of vascular tissues most directly connected 
with the dead annual leaves and stems. 


For all plants investigated by Jost, 
except species of Corydalis, this isolation 
is achieved through the production of 
periderm in the pith and wood. This 
periderm connects locally across medullary 
rays with cortical periderm to surround 
those tissues that continue to function, 
while the medullary tissues along with all 
leaf and flowering-stalk traces are cut out 
but tend to persist as necrotic remnants 
between the strands and in the central 
part of the rhizome. This process is 
repeated annually, always with the result 
that the oldest remaining vascular tissues 
are pruned away, the organs they served 
having already withered. According to 
Jost, the roots of certain species are simi- 
larly split into strands through the pro- 
duction of interxylary periderm that 
isolates the central part of the xylem and 
becomes confluent with external periderm 
along vascular rays. Similar phenomena 
have been described for Delphinium 
scaposum by Kingsley (1911), for D. 
elatum by Pfeiffer ( 1926 ) and for Merten- 
sia maritima (1930) by Skutch. The 
following quotation from Skutch is worthy 
of note here: “ Mertensia maritima far 
surpasses in complexity any hitherto 
described herbaceous plant with split 
rhizomes and roots. The complexity in 
form of the cable of strands resulting from 
the repeated dissection of a single axial 
organ finds a parallel only in the stems 
of certain highly specialized lianas.” 
Skutch sees in the cable-like structure an 
adaptation to the stresses encountered 
by this plant on shingle and sandy 
beaches. 

Not always is interxylary cork directly 
associated with the splitting of stems or 
roots into strands. An early report of 
concentric layers of periderm in the wood, 
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and without any reference to fission, is 
that of Koch (1879) for Sedum populi- 
folium. Suberized bands in the wood of 
Hymenocrater spp. are described by Le- 
mesle ( 1928) as pseudoperiderm because 
no cork cambium is formed. Instances of 
localized and anomalous cork layers 
around groups of vessels in the wood of 
various species have been reported by 
Lemesle (1928). Medullary cork has 
been found by Holm ( 1929) in Balsamo- 
citrus and by Heérail ( 1885 ) in Campanula 
and Phyteuma. Concentric bands of peri- 
derm in wood have been described by 
Moss ( 1936) for Epilobtum angustifolium, 
by Diettert ( 1938 ) for Artemisia tridentata 
and by the Moss ( 1934, 1940 ) for several 
species of Artemisia. The significance of 
interxylary periderm in Epilobium angusti- 
folium is discussed below; but, it may be 
noted here that rhizomes of this species 
often split where branches have died back, 
and senile roots show fission that relates 
indirectly to interxylary periderm. Stems 
and roots of Artemisia spp. show no 
cleavage into strands but it is suggested 
by Diettert and Moss that the annual 
production of the cork layers plays an 
important part in the persistence of these 
species in semi-arid regions. Interxylary 
cork in the herbaceous species, Artemisia 
dracunculoides, may give protection 
against desiccation attendant upon the 
dying of annual shoots (Moss, 1940). 
Even before the flowering shoots have 
died down, periderm forms in the outer 
part of the wood of the current year. 
The occurrence of annual cork rings in 
the wood of stems and older roots of 
many shrubby species of Artemisia is a 
truly remarkable feature. According to 
Diettert and Moss interxylary cork de- 
velops in these sagebrushes during the 
earlier part of the growing season and 
takes the form of a closed sleeve over last 
year’s woody cylinder, segregating it com- 
pletely from the newer stem growth. It 
is suggested that the interxylary cork 
adapts these shrubs to plains and deserts 
“by preventing damage from animals, 
pathogens and wind-blown soil, by retard- 
ing loss of water, especially in the vicinity 
of wounds and moribund branches, and 
by restricting the upward movement of 
water to a relatively narrow zone of wood, 
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thereby conserving the water supply of 
the plant ’’ (Moss, 1940). 

Two references to the possible phylo- 
genetic significance of interxylary cork 
may be mentioned. Jost (1890) com- 
pares Sedum spurium, having some inter- 
xylary cork but no fission, with S. atzoon 
in which cleavage of the rhizome occurs, 
He suggests that S. spurium represents 
the primitive condition, from which the 
habit of fission found in S. aizoon may 
have arisen. For Artemisia Moss ( 1940 ) 
reports interxylary cork in approximately 
half of the 24 species examined and dis- 
cusses the occurrence of this anatomical 
feature in relation to taxonomic treat- 
ments based chiefly on floral structure. 
There appears to be a correlation between 
the presence of the cork and specialization 
of floral parts. The view is expressed 
that interxylary cork should be taken 
into account in future revision of the 
genus, especially in treatments purporting 
to express natural relationships. 


Observations and Discussion 


Following are brief accounts of species 
that are of interest in connection with 
interxylary cork and related phenomena. 
These species, representing a wide range 
of genera and families of dicotyledonous 
plants, are presented under family and 
genus headings. 


FUMARIACEAE 


Corydalis — Actually, species of this 
genus are exceptional in that they lack 
interxylary cork in their rhizomes and 
roots, though they do exhibit marked 
fission of these organs. It seems well for 
our purpose to examine this mode of 
fission before considering fission where 
the effete portions are cut off from the 
living by periderm. Jost (1890) des- 
cribes fission in great detail for two species 
of Corydalis. The caudex of the perennial 
herb, C. nobilis, dies away from within 
at a rate corresponding to its growth in 
length and thickness, thus becoming a 
hollow, lattice-like structure, and the 
older roots are split for long stretches. 
Splitting of the 2-year diarch root is © 
initiated along the broad parenchymatous 
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primary rays, upon cessation of cambial 
activity across the rays, followed by the 
disruption of the rays and central tissues. 
The cells lose their protoplasmic contents 
and their walls become brownish. Even 
the vessels of the older wood become 
brownish. Through decay of these vari- 
ous tissues the root is divided into two 
portions which are held together locally 
by lateral roots. Each of the two strands 
later becomes split through the disintegra- 
tion of cells of secondary rays that arise 
in the forking wedges of vascular tissue. 
Cleavage of. the rhizome is difficult to 
follow because of the complex relations of 
the vascular strands passing into the 
leaves and branches of the current year 
and those destined to serve the function- 
ing organs of next year. Jost relates 
cleavage to the primary arrangement of 
the vascular bundles, the five cauline 
(fusion) bundles persisting, being held 
together by the vascular connections of 
the lateral buds, while the common 
bundles (the leaf traces), along with 
associated soft tissues, become necrotic 
and collapse. Thus the stem becomes 
hollow and dissected by several clefts. 
Each year thereafter, the oldest parts of 
the wood and bast of each of the five 
persisting columns between the furrows 
die away. Corydalis ochroleuca, though 
quite different from C. nobilis in growth 


‘ habit, especially in the mode of annual 


shoot production, is described by Jost 
as showing essentially the same process 
of splitting. Many of the Fumariaceae, 


even annuals, are said by Irmisch and 


Jost to show browning and necrosis of 


older tissues, accompanied by more or 


less cleavage of organs. 

Our own study has been confined to 
the biennial species, Corydalis aurea Willd. 
In Alberta, this species normally comes 
into flower during May of the second 
year. At that time the stout caudex, 
with its many radical leaves and a few 
lax flowering stalks, has a large hollow 
pith flanked by brownish tissue but shows 
little evidence of cleavage. The tap-root, 
however, and its branches exhibit fission 
similar to that described for Corydalis 
spp. by Jost. Though no periderm is 
formed, cleavage takes place, showing 
usually as four lines in the main root and 
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two lines in branch roots. The primary 
lines of cleavage are along the broad rays 
that alternate with the two wedge-like 
masses of secondary wood. Growth ceases 
in the rays while proceeding rapidly 
through cambial activity in the alternat- 
ing vascular parts. There is disruption 
of ray tissue, with some evidence of 
necrosis, as surface grooves gradually 
deepen and finally meet in the middle to 
divide the root into two longitudinal 
columns. Secondary lines of fission arise 
similarly in parenchyma rays that have 
developed in the main vascular wedges. 
These cleavage lines appear as distinct 
grooves on the surface of older roots but 
normally do not extend to the centre. 
Additional cleavage lines may arise in 
the tap-root during the summer as further 
bifurcation of the xylem masses takes 
place. Our observations indicate, there- 
fore, that fission in C. aurea is caused 
primarily by differential growth rates in 
alternating sectors of the root and that 
the resulting strains and stresses produce 
the splitting, associated with which there 
is a certain amount of necrosis. For 
plants with interxylary cork Jost infers 
that the suberized layers are not the cause 
but the result of the death of effete 
tissues and that dying of these tissues in 
all plants showing fission must have an 
inner cause. For Corydalis aurea at 
least, the ‘inner cause’ seems to relate 
to differential growth rates. Worthy of 
note also is the apparent lack of effective 
protection for the soft tissues exposed 
through fission in Corydalis. The surface 
cells turn brownish and are probably 
impregnated with resistant substances 
but, on the basis of ordinary wall tests 
they are not suberized. 


RANUNCULACEAE 


Fission in this family is described for 
Aconitum lycoctonum by Jost (1890), for 
Delphinium elatum by Pfeiffer (1926), 
and for D. scaposum by Kingsley (1911). 
In A. lycoctonum fission of rhizome and 
root is associated with the production of 
interxylary periderm that connects with 
external periderm and cuts out the traces 
of defoliated leaves. Later interxylary 
periderms run concentric with the first, 
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cutting through the wood so that usually 
a single annual ring is found to be alive. 
They contribute to the cleavage of the 
rhizome, which maintains the form of a 
perforated hollow cylinder. 

Delphinium — Our study of D. bicolor 
Nutt. reveals features similar to those 
reported by Pfeiffer and Kingsley for 
other species of this genus. This species 
is closely related to D. scaposum described 
by Kingsley as a xerophyte and shows 
similar structures. It is a perennial herb 
of dry habitats in the north-western United 
Statesandinsouth-western Canada. From 
the slender caudex extend thickened, 
fascicled roots, a few radical leaves and 
a flowering shoot. Cleavage of caudex 
and roots is a striking feature of 2-year 
and older plants. After cleavage has 
taken place the living parts of a rhizome 
or older root form a lattice-like hollow 
cylinder. This cylinder is held together 
more or less securely by enveloping bark 
and it encloses decadent strands of vessels 
and fibres along with collapsed soft tissue. 
The internal barrier associated with cleav- 
age and cutting out of effete tissues arises 
as a thin periderm on the surface of the 
primary wood and pith, with radial ex- 
tensions in the rays that connect deep 
in the cortex with the new external 
periderm, which at this time varies from 
one to four cells in thickness. This de- 
velopment usually occurs early in the 
second growing season, at which time 
the excluded tissues have collapsed. 
Though the evidence is not conclusive, 
it seems probable that in the rhizome 
necrosis precedes internal suberization 
but, in the root this occurs after the 
periderm has been formed. Jost and 
Kingsley express the opinion that last 
year’s annual organs die down before 
interxylary cork appears. The year after 
cleavage of the axis each of the columns 
produces a new periderm that cuts through 
the wood, separating that of last year 
from the new growth. Kingsley shows 
that in D. scaposum this second periderm 
does not form until the fourth year, thus 
enveloping vascular tissues of both the 
third and fourth years, though there is 
a persisting meristematic layer between 
the wood of these years. We find similar 
tissues in D. bicolor; but we interpret the 
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entire growth as that of the third year 
and the meristematic layer as the seat 
of next year’s interxylary periderm which 
is destined to cut out part of the third 
year wood. In any case, the general 
behaviour is the same for both species, 
the effect of interxylary cork being to 
add to the bulk of necrotic tissue and to 
restrict the sphere of activity to those 
tissues most directly connected with new 
annual organs. We have examined a 
second species of Delphinium, namely, 
D. brownii Rydb. (D. glaucum Wats.), 
a tall perennial herb of rather moist 
habitats in our region. The larger under- 
ground organs are variously disrupted, 
the rhizomes especially being opened up 
and often flattened where shoots have 
died down, but there is no indication of 
interxylary cork or of extensive cleavage. 
Though external periderm arises in the 
rhizome and root there is no ingrowth 
of this tissue to cut out necrotic parts or 
to seal the wounds produced by decadent 
branches. The exposed necrotic tissues 
become brownish in colour and presum- 
ably contain substances that give a 
measure of protection to the soft living 
tissues that they enclose. Thus within 
the genus Delphinium there is consider- 
able diversity in respect to interxylary 
cork and cleavage of perennating axes, 


CRASSULACEAE 


Sedum — Species of this genus were 
among the first in which interxylary cork 
was reported, notably by Koch ( 1879). 
The relation of this cork to the vascular 
supply of annual organs and buds was 
shown by Jost (1890) for S. aizoon and 
S. spurium to be similar to that reviewed 
above for Corydalis and Aconitum, al- 
though no fission occurs in S. spurium. 
In S. popuhfolium, as described by Koch 
(1879) and commented upon by Jost 
(1890), concentric layers of cork are 
formed in the xylem of the erect, woody 
stem, but fission does not occur. Our 
examination of this species, based on 
greenhouse plants, confirms the descrip- 
tion in Solereder (1908) of a cork layer 
for each growth ring of wood. As a new 
growth ring forms, the previous one be- 
comes enclosed by periderm that arises 
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in a pre-formed zone of parenchyma. 
There is considerable evidence that the 
wood thus cut off and rendered function- 
less is that which served last year’s leafy 
shoots. Another species known to have 
interxylary cork is the rose-root, Sedum 
rosea (L.) Scop. ssp. integrifolium ( Raf.) 
Hultén. We have studied material of 
this species from the Canadian Rocky 
Mountains. Buds arising on the complex 
system of roots and rhizomes grow into 
branch rhizomes that commonly end in 
enlarged tips. Each such tip becomes a 
caudex which: produces leafy and flower- 
ing shoots each year. Interxylary cork 
commonly develops in a caudex during 
its third and later years, being formed 
where shoots, roots and buds die back. 
It encloses the xylem directly connected 
with effete organs, extending inward over 
that xylem from the newest external 
periderm. The caudex becomes a cylin- 
drical lattice of living columns enveloped 
by bark and enclosing necrotic central 
tissues, with sheets of interxylary cork 
connecting with the newest external cork. 
Apparently interxylary cork does not 
extend back through the rhizome and 
into the roots; but, it does arise, locally, 
where wounding has occurred or where 
branches have died back. Similar to 
the rose-root is Sedum rhodanthum Gray, 
which we collected in Wyoming for ana- 


|: tomical study. This is a robust plant 


with a large crown and thick root. 
Where annual shoots die back, suberized 
barriers form across the cortex and 


‘phloem, while periderm develops round 


the woody cylinder and extends so 
as to segregate the primary and early 
secondary wood from the later wood 
connected with the new branches. The 
interxylary cork, is more extensive in 
rhizome and root than in the rose-root but 
lattice-like cleavage is not amarked feature. 


ONAGRACEAE 


In this family, interxylary periderm 
has been reported for Epilobium spp. and 
Gaura coccinea (Moss, 1934). To these 
can now be added a second species of 


|. Gaura and a few species of Oenothera. 


Epilobium — Interxylary periderm has 
been described in some detail for E. angus- 
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tifolium (Moss, 1936). Concentric layers 
of periderm develop in the roots and 
vertical rhizomes, each layer extending in 
tubular fashion through the entire sub- 
terranean system except the younger 
roots. An interxylary periderm is formed 
in the spring or early summer of each year, 
over the surface of the wood directly con- 
nected with the previous year’s aerial 
shoots and merges with outer periderm 
in the basal part of each of these decadent 
shoots. The older tissues thus segregated 
soon die, while the newer vascular tissues 
are protected by inner and outer cork 
barriers. The interxylary periderm is 
formed by a phellogen which arises in a 
parenchymatous zone of the wood. Clea- 
vage of rhizomes and roots in this species 
has been referred to earlier. Moss con- 
cludes that “ interxylary periderm affords 
this plant excellent protection against 
desiccation, pathogenic organisms, and 
possibly other deleterious effects asso- 
ciated with the dying down of annual 
shoots, and consequently makes for con- 
tinuance and for efficient functioning of 
perennating structures ”’. 

Epilobium latifolium is said ( Moss, 1934 ) 
to resemble E. angustifolium in respect to 
interxylary periderm and fission but a 
detailed description has not yet appeared. 
We have examined material of this species 
from locations in the Rocky Mountains, 
western Alberta. In contrast with E. 
angustifolium, which has a rigid vertical 
rhizome ( pseudorhizome ) with a very few 
annual shoots, E. latifolium forms a long 
creeping rhizome from which several aerial 
shoots generally arise. Anatomically, 
these species are quite similar. Interxy- 
lary periderm, characterized by alter- 
nating rows of non-suberized ( phelloid ) 
and suberized cells, arises in the spring 
between the current and past year’s wood 
and connects with the outer periderm in 
the stump of the dead annual shoot. As 
the stump decays, a fissure appears on the 
rhizome. Where several shoots are borne 
by the same part of a rhizome in E. 
latifolium, the organ becomes split in 
striking fashion, much more so than does 
the rhizome of E. angustifolium. As a 
rhizome forms successive clusters of 
annual shoots from the same part, clea- 
vage becomes more pronounced.  Clea- 
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vage also occurs locally in remote parts of 
the plant, presumably where some exter- 
nal agency such as rock pressure has 
caused cambial activity to cease on one 
or more sides of the organ, inducing a 
union of interxylary and outer periderms. 
Interxylary periderm extends each year 
from the bases of annual shoots downward 
throughout the rhizome and into the older 
roots. The dead tissue segregated by the 
periderm layers becomes crushed and 
flattened as annual layers of wood are 
added on the outside. Two other species 
of Epilobium, namely E. adenocaulon 
Haussk. and E. leptophyllum Raf., have 
revealed no interxylary periderm. 
Gaura— A critical study has been 
made of G. coccinea Nutt., a common 
species of prairie grassland and eroded 
slopes in our region. This perennial 
herb has a prominent fleshy, forking root 
with a short caudex which normally bears 
numerous annual shoots. During the 
summer the axis produces many short 
branch rhizomes as well as lateral buds. 
By autumn each branch rhizome has a 
small apical rosette and next year this 
extends upward as an aerial shoot. 
Caudex and root develop interxylary 
periderm and become more or less split 
into strands. Interxylary periderm is 
formed in the spring at the base of the 
previous year’s shoots, extending down 
some distance into the main root. The 
periderm contrasts with that of Epilobium 
in lacking phelloid cells and in its greater 
thickness, consisting often of 5 to 6 rows 
of phellem cells. It is also much less 
extensive in the root-system than that of 
Eprlobium, the different layers termina- 
ting at varying distances along the root 
and often extending inward to deeper 
levels. For example, a 4-year root showed 
only one interxylary periderm, this being 
located between wood of the third and 
fourth years, while the caudex of the same 
age showed three interxylary periderms. 
Moreover, the internal periderm is often 
convoluted, the loops sometimes surround- 
ing small patches of xylem, while asso- 
ciated ‘islands’ of xylem enclosed by 
cork are to be seen. These small isolated 
portions of vascular tissue are interpreted 
as traces to functionless buds and roots. 
Through parenchymatous gaps developed 
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in relation to the traces interxylary and 
external periderms join and a fissure is 
formed. Cleavage in this species is more 
pronounced than in Æprlobium  spp., 
older roots often showing a distinctly 
cable-like form. The splitting is to be 
explained partly in terms of the cutting 
out of effete organs by interxylary cork 
and partly in terms of central tissue col- 
lapse, also caused by interxylary cork; 
but, it seems too that differences in the 
growth rate of alternate sectors of the 
axis play a part in fission. A cursory 
examination was made of Gaura glabra 
Lehm., a rather rare species of our prairie 
region. Development of interxylary peri- 
derm appears to be somewhat weaker than 
in G. coccinea, Fission of roots was not 
apparent in the relatively young plants 
examined, 

Oenothera — Five species of this genus, 
showing interxylary periderm in varying 
degrees, have been studied. In all of 
these, as in ÆEpilobium spp., the periderm 
consists of alternating layers of phelloid 
and suberized cells. Oenothera nuttallii 
Sweet is a robust perennial herb of light 
soils in the prairie and parkland areas of 
our region. It develops a large tap-root 
and each year a few tall aerial shoots 
which grow from a very short caudex, or 
from the top of the root. Interxylary 
periderm is found throughout the tap-root 
as a thin layer against the surface of the 
previous year’s wood on the inner face 
of a zone of crystal-bearing parenchyma. 
At the outer boundary of this soft zone 
is a narrow ring of meristematic cells ( an 
“internal cambium ’ ), followed by woody 
elements and the usual cambium. Where 
there is a gap in the cylinder, as at the 
base of an annual shoot, or where buds 
are formed, or a branch root dies back, 
the interxylary periderm connects with 
the external periderm at the edges of the 
gap, cutting out the dead tissue. In 
similar fashion, the edges of the ‘ internal 
cambium ’ connect with the edges of the 
main cambium. The nature of the ‘ in- 
ternal cambium ’ is puzzling. There is 
evidence that it causes growth of xylem 
in an inward direction, tending to fill in 
space left by shrinking of previous years’ 
xylem. It may later become the seat of 
an interxylary periderm. Thus two in- 
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terxylary periderms, on either edge of the 
parenchyma zone, can be seen in a single 
year’s growth. Although the inner tissues 
become exposed through small gaps on 
the root, and at the bases of old annual 
shoots, fission is not a feature of this 
species. 

Oenothera acaulis Cav. (O. taraxacifolia 
Hort.) is indigenous to Chile and was 
grown by us from seed. It is at first 
acaulescent, later producing decumbent 
branches from the caudex. Interxylary 
periderm is more localized in this species 
than in the last one, being generally de- 
veloped for a few centimeters in the tap- 
root where branches have died back. It 
is likewise accompanied by an ‘internal 
cambium ’. O. caespitosa Nutt., a caespi- 
tose, acaulescent perennial, was collected 
from eroded banks in southern Alberta. 
Interxylary periderm here resembles that 
of O. acaulis, being found only close to 
dead branch roots or old shoot bases, 
and like that species has an ‘internal 
cambium ’ associated with it. There is 
some cleavage of the roots in this species. 
Studies of O. missouriensis Sims, based on 
specimens supplied from California by 
Dr. F. E. Clements, revealed a very 
limited amount of interxylary periderm. 
O. serrulata Nutt., a species of the dry 
prairie in our region, differs in habit from 
the foregoing members of the genus in its 
‘branched woody base and numerous 
slender annual shoots. In the xylem, 
rings of hard and soft tissue alternate 
and often overlap. The parenchymatous 
‘rings bear a superficial resemblance to 
periderm, for their innermost cells appear 
shrivelled and filled with a gummy 
substance. However, interxylary peri- 
derm arises only occasionally in these 
zones and apparently always in the 
vicinity of wounds or moribund branches 
of the stems and roots. Fission of roots 
seems not to occur but the woody caudex 
may split at the junctions of new and 
effete branches. 


: BORAGINACEAE 


Mertensia — Reference has been made 
above to the cable-like structure formed 
by repeated fission in M. maritima, as 
described by Skutch (1930). Though 
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primary fission of the root of this species 
may occur in the first year with the 
formation of interxylary periderm, this is 
usually a development of the second year. 
Thereafter, secondary strands arise 
through the production of additional vas- 
cular bundles and new periderm layers. 
Dissection of the stem relates to the pri- 
mary arrangement of the vascular bundles 
and only those cauline bundles which lead 
to actively growing lateral buds are pre- 
served. The subsequent behaviour of 
each strand resulting from the cleavage 
of the stem closely resembles that des- 
cribed for the root. Skutch gives a brief 
account of fission in the tap-root of 
Mertensia virginiana. The central xylem 
of older roots is cut out by periderm, but 
there is said to be considerable irregu- 
larity in this respect. The segregated 
tissue then decays, leaving a cavity. 
Once this cavity is formed, a new ring of 
interxylary periderm cuts off the oldest 
surviving xylem each spring, at the same 
time a concentric ring of periderm sepa- 
rates the older phloem on the outside. 
Rarely the periderm may extend along 
the primary rays to bring about cleavage 
of the root into two portions. Skutch 
sees in the cutting off of older tissues in 
this species “ an adumbration of the 
habit which is carried to its ultimate ex- 
pression in M. maritima”. We have 
made a brief study of Mertensia paniculata 
( Ait.) D. Don, a perennial herb of rich 
woodlands in our region. Like M. vir- 
giniana, this species develops some in- 
terxylary cork and shows limited cleavage. 
Sections of the tap-root become split into 
two longitudinal halves, occasionally into 
4-6 strands, with the production of this 
cork. Splitting of the caudex seems to 
relate to the dying down of the radical 
leaves. 

Lithospermum — The stout tap-root of 
L. ruderale Lehm., a perennial herb of our 
prairie, forms no interxylary periderm 
but it does separate into columns. The 
central tissues of the older root become 
necrotic and soon collapse, leaving a 
cavity. Necrosis extends through four or 
more of the broad parenchyma rays, fol- 
lowed by splitting along these rays. Thus 
the root is divided into columns or strands. 
Old roots become variously distorted, often 
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flattened, as a number of these columns 
separate away and break down. Cleavage 
in this species seems to be brought about, 
at least in part, through the stresses and 
strains of secondary thickening. 


LABIATAE 


Jost (1890) describes interxylary cork 
and fission in Salvia pratensis as being 
essentially the same as for other species 
reported in his paper. Quoting work of 
Irmisch in 1856, Jost infers that similar 
phenomena occur in Salvia austriaca and 
S. silvestris. We have examined two 
members of this family that are prevalent 
in our region, namely Monarda fistulosa 
L. var. menthaefolia (Grah.) Fern. and 
Agastache foeniculum ( Pursh ) Ktze. The 
elongated horizontal rootstocks of these 
species cease gradually to function as their 
branches extend into new soil areas. 
When two to five years old, the rootstock 
develops four or more grooves which 
gradually deepen to partially split the 
organ into a corresponding number of 
columns. However, no interxylary peri- 
derm is formed and cleavage evidently 
relates to sensecence of the rootstock, 
being brought about through necrosis of 
the parenchyma of the broad vascular 
rays. This kind of cleavage is reminis- 
cent of Lithospermum ruderale. 


COMPOSITAE 


Artemisia — Reference has been made 
above to literature dealing with concentric 
rings of cork in the wood of herbaceous and 
shrubby species of this genus. The earlier 
report for A. longifolia Nutt. by Moss 
(1940) should be corrected in certain 
minor details. Though this species is 
generally described as suffruticose, with a 
creeping woody rootstock, and was so 
characterized in our earlier paper, we have 
since found it assuming a distinctly shrub 
habit. Moreover, interxylary cork is more 
abundantly and regularly produced than 
was previously reported, occurring as a 
thick layer in each annual ring of wood, 
at least in the erect stems. The cork 
develops in relation to moribund branches, 
as in many other sagebrushes. This ana- 
tomical feature, as well as the growth 
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form, may be taken to indicate affinities 
of A. longifolia with the section Seriphid- 
ium, rather than with Abrotanum, or 
Gnaphalotdes. 

Crepis — A brief study of the perennial 
herb, C. runcinata ( James) T. & G. has 
revealed interxylary cork and marked 
cleavage of the axis. The stout caudex 
produces annually a rosette of basal leaves 
and a flowering stalk. A short distance 
below the crown of radical leaves, the 
caudex consists of anastomosing columns. 
Fission occurs where annual shoots have 
died down, the stem and root connection 
of these shoots having been segregated 
from the perennating parts by periderm 
developed through the cortex and medulla. 
The traces of the radical leaves are dis- 
carded with the older cortex by external 
periderm. In strong plants the caudex 
may be divided into two or more axes, 
each with radical leaves and a scape. 

Of interest here is a report by Bulgakov 
(1944) of root fission in Taraxacum kok- 
saghyz. Under certain conditions, the 
2-year or 3-year root is said to separate 
into units, each with a rosette of leaves. 
Division is effected by the formation of 
inner cork tissue round each separate pith- 
bark system and the subsequent breaking 
of the outer bark. 

Passing reference may be made to three 
other genera, though these have revealed 
no internal cork or fission. Chrysothamnus 
frigidus Greene, a low shrubby plant of 
eroded slopes and clay flats, stands in 
contrast with the sagebrushes in having 
no interxylary cork; however, where 
wounding has occurred, there is local 
suberization of all the soft tissues on the 
wood surface and even a short distance 
along the vascular rays. Gutierrezia diverst- 
folia Greene, a perennial herb with a 
branching caudex, suggested the possible 
presence of internal cork and cleavage of 
the axis, but these features are evidently 
lacking. Liatris punctata Hook., also a 
perennial herb, has revelaed no cleavage 
phenomena, 


GERANIACEAE 


Geranium — Showing interxylary peri- 
derm and fission to a remarkable degree is 
G. viscosissimum F. & M., a robust peren- 
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nial herb of the fescue prairie of southern 
Alberta. This species develops a thick 
tap-root and a multiple caudex, each short, 
slow-growing branch of which bears 
annually a few basal leaves and often one 
or more flowering stalks. Just back of 
the tip of each caudex branch, and at the 
level of last year’s basal leaves, interxylary 
cork forms round the pith and the leaf 
traces, extending through the leaf gaps to 
connect with the surface periderm. In 
cross-section, the dark central tissues 
bounded by interxylary cork appear more 
or less star-shaped. When the bark is 
removed, the woody cylinder is seen to be 
perforated with several short longitudinal 
slits (the leaf gaps). An occasional leaf 
gap subtends a lateral bud, which is a 
potential caudex branch or flowering 
shoot. Each year a new interxylary 
periderm cuts off a portion of the wood 
from the inner face of the enlarging per- 
forated cylinder and connects with outer 
periderm throygh the gaps, which have 
now become somewhat wider. Cleavage 
occurs also through the drying down of a 
flowering shoot and the formation of a 
large gap in the vascular cylinder, only a 
few anastomosing strands of functional 
tissue being retained at that level. How- 
ever, the general shape and rigidity of the 
organ is fairly well maintained by the 
tough enveloping bark. Interxylary cork 


‘layers and associated fission extend from 


the multiple caudex into the thick tap- 
root. This assumes the form of closely 
anastomosing strands embedded in, and 


‘enclosing brown, necrotic tissue, the whole 


enveloped by thick bark. The number of 
these living strands increases considerably 


as the root enlarges, but their total volume 


is a small fraction of that of the whole root 
mass. For example, in a large root, 3 cm. 
in diameter, with about 30 strands 
showing in cross-section, the total area of 
these strands was only about one quarter 
of that of the entire section. Thus only a 
relatively small part of the root is actually 


| living and physiologically functional. 


POLYGONACEAE 


Eriogonum — A species commonly found 
on dry, sterile areas and eroded slopes of 
our region, namely E. flavum Nutt., shows 
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features similar to those described for 
Geranium viscosissimum. The caespitose 
caudex and the large tap-root develop 
interxylary periderm and anastomosing 
strands, though the latter are not evident 
on casual observation because of the 
thick, enveloping bark. Interxylary cork 
appears in each branch of the multiple 
caudex where older leaves occurred. 
Cleavage is associated with the produc- 
tion of this cork and the cutting out of 
leaf traces and also with the dying back of 
caudex branches. Each periderm tissue, 
whether interxylary or outer, is charac- 
terized by one prominent, heavily suberiz- 
ed, layer of cells. The older root shows 
the central tissues enclosed by periderm 
and the outer parts of the vascular cylin- 
der in the form of a network, which is in 
turn enveloped by bark. Fission is dis- 
played where the bark has broken away. 


POLEMONIACEAE 


Polemonium — Two species of this genus 
show interxylary cork and fission of the 
underground axis. Material of the peren- 
nial herb, P. pulcherrimum Hook., was 
collected from gravelly areas and rocky 
slopes in southwestern Alberta. As 
flowering shoots of this plant die back, 
interxylary and external periderm layers 
join to segregate the functionless wood 
and envelop the perennating parts. Thus 
the caudex is divided and the tap-root 
split into columns, though still held to- 
gether by external cork. Older cable-like 
roots often become flattened through loss 
of parts. An interxylary periderm is 
formed annually on the inner face of each 
column, cutting out a thin layer of wood 
and connecting round the edges with the 
newest external periderm. New wood is 
formed on the outer face only. An exa- 
mination of P. viscosum Nutt. ssp. genut- 
num Wherry, from a loose rock slope in an 
alpine area of southwestern Alberta, 
reveals features similar to those described 
for P. pulcherrimum. The divided caudex 
and cable-like root may be regarded as 
adapting this species to the conditions 
encountered on unstable mountain slopes. 

Correlations between structure of plant 
and instability of substratum, such as 
those found in Polemonium viscosum and 
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Mertensia maritima, should be looked for 
elsewhere. Species of screes and talus 
slopes are suggested in this connection. 
Rosette, cushion and matted types have 
been shown by several writers to be well 
adapted in growth form to these slopes. 
The extent to which interxylary cork 
occurs in these species is still unknown. 


Summary and Conclusions 


Interxylary cork has now been reported 
for 10 families, 14 genera and some 40 
species of Dicotyledones. In many of 
these groups, the cork is related to fission 
of perennating axes and arises in connec- 
tion with the dying back of annual organs. 
However, among these plants, wide dif- 
ferences exist in (a) the extent of the 
cork, (b) the degree of fission, (c) various 
details pertaining to cutting out of necrotic 
structures, 

A small number of the groups, notably 
Artemisia spp., have concentric layers of 
cork in the wood, but no fission of roots or 
stems. On the other hand, fission of roots 
and rhizomes occurs in one group, the 
genus Corydalis, which has no interxylary 
periderm. 
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Investigators have speculated on the 
phylogenetic significance of interxylary 
cork in particular genera. Viewing the 
Dicotyledones as a whole, interxylary 
cork and fission seem to have arisen in 
several distantly related families. 

Plants with one or both of these special 
features are considered to be well adapted 
in two important respects. (1) Their effete 
organs and tissues are segregated, if not ac- 
tually prunedaway. (2) They are protected 
against desiccation and pathogens, by sub- 
erized barriers around all functioning parts. 
Moreover, cable-like roots serve to adapt 
certain of these plants to special habitats, 
such as shingle beaches and alpine screes. 

The causal relationships of interxylary 
periderm and fission remain obscure, 
Jost’s suggestion that the suberized layers 
are not the cause but the result of the 
death of functionless’ tissues should be 
further investigated. The development of 
interxylary periderm at great distances 
from effete organs, as in Artemisia, is of 
interest here. Regarding the fundamental 
cause of suberization and phellogen acti- 
vity, it is suggested that species with deep- 
seated periderm might prove suitable for 
the investigation of physiological factors. 
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EMBRYOGENY OF THE NEW ZEALAND SPECIES OF 
THE GENUS PODOCARPUS, SECTION EUPODOCARPUS 


G. BROWNLIE 
Canterbury University College, New Zealand 


Among the Podocarpaceae the different 
types of embryogeny, especially the early 
development, have been described by 
various workers. Coker in 1902 des- 
cribed embryo development in Podo- 
carpus coriaceus, a South American mem- 
ber of the Eupodocarpus section, and 
Stiles (1912) did the same for Podocar- 
pus macrophyllus. The first reference to 
this aspect in the New Zealand species is 
contained in Sinnott’s( 1913) compre- 


_ hensive description of the reproductive 


structures of the Podocarpaceae. Since 
that time almost all of this investigation 
has been done in America by Buchholz, 
largely from preserved and dried material. 
In his “ Embryogeny of the Podocarpa- 
ceae’’ (1941), he referred to the New 
Zealand members of the Eupodocarpus 
section, but confined his description to 
early embryonic development. 

In New Zealand itself the subject has 


"received scant attention, the only pub- 


lished work being that of Holloway ( 1937 ) 
on Phyllocladus. 
In the present paper an attempt is made 


‘to trace the development of the embryo 


in greater detail than previously, and also 
to describe the more advanced stages up 
to the differentiation of the various 
regions of the embryo. 

The section Eupodocarpus is repre- 
sented in New Zealand by four species, 
Podocarpus totara D. Don., P. halla T. 
irk. vacuhfohus‘ IT, Kirk, “and. P. 
nivalis Hook. 

Although materials of all four . were 


: examined, no differences were noted, so 


that the following descriptions apply 
equally well to all members of the section. 


Materials and Methods 


Material was collected at frequent 
intervals between November and May at 
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several localities in the South Island of 
New Zealand, the method of fixation 
used being a modified formalin-acetic- 
alcohol one recommended privately by 
Buchholz for conifer ovules. This con- 
sists of 50 parts water, 45 parts 96 per 
cent alcohol, 6 parts commercial formalde- 
hyde solution and 3 parts glacial acetic 
acid, and serves both as a killing solution 
and as a preservative. 

For the purpose of studying embryos 
in the early stages of development the 
technique of dissection described by 
Buchholz (1938) was used, Contrary 
to the opinions expressed by Buchholz 
(1938) and Johansen (1940), the writer 
found that it was considerably easier to 
carry out dissections from preserved 
rather than from fresh material. It 
appears possible that during the slight 
hardening of the tissues which occurs in 
fixation and preservation, the embryonic 
complex becomes firmer as a unit distinct 
from the surrounding gametophytic tissue. 

Dissections of whole embryo systems 
proved more difficult once the prosuspen- 
sor had attained full development, as 
this organ then tended to collapse and 
break more easily during manipulation. 
Safranin and anilin blue were used for 
staining. 

Serial sections of gametophytes were 
made for the later stages when the em- 
bryos had become too massive for de- 
tailed examination as whole mounts, 
The gametophytes were passed through 
the tertiary-butyl alcohol series, and 
sections were stained with safranin and 
anilin blue. 


Pollination and Fertilization 


According to Pilger (1926), in Podo- 
carpus totara the female cones are visible 
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in early October, pollination occurs in the 
middle of that month, fertilization in the 
second half of November, and the seeds 
are ripe in February. Very similar times 
are given by Sinnott ( 1913) for the same 
species. From observations made, this 
timing appears to be much too rigid, and 
seems to be based on the fact that in the 
Abietaceae such dating of reproductive 


Fics. 1-9 — Fig. 1. 
Fig. 2. 


PHYTOMORPHOLOGY 


phases can be given with reasonable 
accuracy. 

Ovules of Podocarpus totara collected 
in November were found to contain em- 
bryos with well-developed cotyledons — 
almost as mature as when the seed is 
shed. This condition was discovered also 
in P. nivalis, but here mature embryos 
were found in material collected in all 


Appearance of embryo system during elongation of prosus enso 
The same with two binucleate embryo initials. 2 Y 5 ne 


x 120. Fig. 3. Detail of single binucleate 


embryo initial. x 360. Fig. 4. he same with embryo of two initials. x 360. Fi 

3 SAR + 18. 5. Embryo 
system, 4-cell stage. x 120. Fig. 6. Embryo system, 8-cell stage. > i 3 
system, 8-12-cell stage. x 120. Fig. 8. , a tae 


yste Embryo system, 12-16-cell stage. x 120. Fig. 9. 
gicning of development of secondary suspensor, with embryonal tubes (ef). x 360. 
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months between November and February. 
Material obtained from the same species 
in May had many ovules with embryos 
which had only begun to form embryo- 
nal tubes. This stage was also found 
in P. acutifolius material fixed between 
February and May. These exceptions 
to the developmental series previously 
indicated did not occur in isolated cones 
only, but were noted, in the case of P. 
nivalis, in dozens of specimens examined. 
No material which had not been fertilized 
was found over the period December to 
May. 

It seems possible from the above that 
the delay occurs not in fertilization, as 
in some other conifers, but in the develop- 
ment of the embryo after fertilization. 
Pollination also could not be delayed 
since no male cones were visible later 
than November. The comparative fre- 
quency of fully developed ovules as early 
as November may be explained on the 
following grounds. Those embryos which 
reach the stage of forming embryonal 


tubes late in the previous season, after 


delayed early development, attain matu- 
rity fairly early in the following growing 
Further observations, however, 
are necessary to clarify the times of deve- 
lopmental stages in the reproductive cycle 
of this group. 


Early Development 


The first mitosis follows almost imme- 
diately after fertilization, the two result- 
ing nuclei sinking to the base of the 
archegonium. Further divisions follow, 


. giving in the species described, usually 


sixteen free nuclei before wall formation 
begins. The arrangement at this time is 
three-tiered, the lowest consisting of a 
single binucleate cell, the next a prosus- 
pensor tier of usually seven to nine cells, 
and the upper a tier of relict nuclei which 


| occupy the rosette position, but which 


are not walled and are extremely ephe- 
The single-celled tier is the only 
one contributing to the embryo proper. 

Excellent figures of stages in the 


| development of the proembryo have been 
. done .by Sinnott (1913). 


Immediately following wall formation 
the prosuspensor cells begin to elongate, 
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and the embryo breaks through the base 
of the archegonium. No division in the 
single binucleate embryo initial occurs 
until lengthening of the prosuspensor has 
proceeded for some time ( Fig. 1 ). 

From figures given by Buchholz ( 1941 ) 
of the number of binucleate cells and pro- 
suspensor cells in various members of 
Eupodocarpus, it appears that the com- 
plement of free nuclei is not always the 
same even within this one section. For 
P. urbanii and P. coriaceus he gives 2-3 
binucleate cells and 11-13 prosuspensor 
cells, and for P. macrophyllus 1-2 binu- 
cleate cells and 14-15 prosuspensor cells. 
Including in the total a certain number 
of rosette nuclei, this gives a larger figure 
than the sixteen free nuclei which is the 
usual condition in the New Zealand mem- 
bers of this section. Even in the case of 
these species, however, the number can- 
not always be constant, because occasion- 
ally two binucleate cells were observed 
(Fig. 2). One example was also noted 
of a single binucleate cell with fourteen 
prosuspensor cells. 

The name prosuspensor was used first 
by Buchholz (1929) to differentiate the 
group of elongating cells in the podo- 
carps, Libocedrus, Cephalotaxus, Biota and 
some other genera from the true primary 
suspensor of other conifers. In Pinus 
the suspensor cells are cut off from the 
embryonic tier after the first walls are 
laid down, while in the podocarps the cells 
carrying out the same function are formed 
as one of the original tiers of the pro- 
embryo. Consequently Buchholz regarded 
them as entire embryo cleavage units, 
which are diverted to function as suspen- 
sor cells. Since no divisions occur in the 
proembryo of the podocarps after wall 
formation, a primary suspensor does not 
exist in this group, and the term pro- 
suspensor is now used to describe the 
group of cells functioning in place of this 
organ. 

The general appearance of the com- 
plete embryo system during lengthening 
of the prosuspensor is shown in Fig. 1. 
The terminal binucleate embryo initial 
remains undivided for a considerable time, 
and is protected from mechanical injury 
by a thickened cellulose cap. The pro- 
suspensor cells themselves become twisted 
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Fic. 10-— Embryo with massive secondary 
suspensor. X 360. 


and coiled, their nuclei being markedly 
elongated. Most of the cells of the 
“cone”, the thickened central portion 
of the gametophyte into which the embryo 
is pushed, are multinucleate and filled 
with starch. As the tissues surrounding 
the embryo break down, a large cavity 
is formed; this later becomes almost 
filled by the coiling of the prosuspensor. 
At the archegonial end there is a harden- 
ed section of tissue possibly formed from 
the remains of the egg and the rosette 
tier: this is known as the basal plug. 
On only one occasion was a possible relict 
nucleus of the rosette group observed in 
this region. 

The first division in the binucleate 
embryo does not occur until the prosus- 
pensor system has become fairly massive, 
and it seems likely that it takes place in 
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both nuclei at the same time. Actual 
division figures were not observed, but 
these have been pictured by Buchholz 
(1941). The next stage found in dissec- 
tions was always a four-celled embryo 
(Fig. 5). As is usual in the Podocarpa- 
ceae, the binucleate stage does not occur 
past the embryo initial stage. One ex- 
ception only to this has been described; in 
Pherosphaera Elliott (1948) noted binu- 
cleate cells in the developing embryo. 
Although the single binucleate cell (Fig. 
3) is the commonest condition in the 
species described, two such cells occasiona- 
lly occur (Fig. 4). Divisions in such cases 
lead to polyembryony. The presence of 
binucleate cells in the proembryo is 
claimed as a distinctive character for the 
whole family, but the possible origin of 
the condition has not been settled. It 
appears likely that it is bound up with 
the origin and lengthening of the prosus- 
pensor, and Buchholz ( 1929) thinks that 
it may be a means of holding the embryo 
initials in a state of delayed differentia- 
tion. At least these cells remain in- 
active during the period of greatest 
elongation of the prosuspensor. Elliott 
(1948) suggests that the condition may 
be related to the absence of a primary 
suspensor, the binucleate condition being 
homologous with the two-celled units 
from which embryo and primary suspen- 
sor are formed in other groups. 
During the first divisions the size of 
the embryo does not increase greatly, 
and the structure of the individual cells 
is still fairly easy to distinguish in whole 
mounts ( Figs. 6-8). The protective cellu- 
lose cap is still evident in embryos of 
sixteen or more cells, and it is usually 


considerably later before it becomes in- — 


distinguishable. While the early divi- 
sions are taking place, the prosuspensor 
continues to elongate, but the increase 
in length is very small in comparison with 
the early rapid development, and soon 
after the stage shown in Fig. 8 it ceases 
completely. 

At this point cell multiplication is 
considerably more rapid than the overall 
increase in size of the embryos, so that 
the individual cells are much smaller 
than those illustrated in Figs. 5-8. Soon 
after the stage shown in Fig. 8 some of the 
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Figs. 11-15 — Fig. 11. Section of embryo prior to differentiation. x 180. Fig. 12. Slightly 
Fig. 13. Beginning of differentiation 


later stage with dermatogen-like layer (d) visible. x 180. B 
of central cylinder. x 180. Fig. 14. First indication of cotyledon differentiation (c). x 180. 
Fig. 15. Cotyledons clearly visible, also root apex (r); plerome (pl), and periblem (per). x 180. 
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embryonic cells nearest to the prosuspen- 
sor become somewhat elongated (Fig. 9). 
This marks the beginning of the formation 
of embryonal tubes. As the embryo grows 
larger, it continues to give off waves of 
these elongating cells until a massive 
secondary suspensor is formed ( Fig. 10). 

Suspensor systems, whether made up 
of prosuspensors, primary suspensor cells 
or embryonal tubes, serve the one basic 
purpose — that of pushing further into 
the gametophytic tissue. In cases where 
polyembryony occurs, the secondary sus- 
pensor also acts as the organ which en- 
sures the survival of one embryo only. 
Examples were observed in which develop- 
ing embryonal tubes from the most 
advanced embryo had first become en- 
tangled with those behind, and with 
further elongation had pushed them back 
towards the archegonial end of the gameto- 
phyte. 

The general features of the embryo at 
this stage are illustrated in Fig. 10. The 
secondary suspensor occupies about the 
same length as the remainder of the em- 
bryo, and may later be even compara- 
tively longer. It will be noticed that no 
definite apical initial is visible, the entire 
lower portion of the embryo being meris- 
tematic, and no differentiation of regions 
is yet apparent. Prosuspensor cells are 
still conspicuous, but soon afterwards 


“ they tend to collapse, making dissections 


of whole systems considerably more diffi- 
cult. 
All the stages described above take 


place over a very short period of time, 


but the ovule as a whole develops rapidly. 
During this period it reaches its maximum 
size, and externally it is impossible to say 
whether the contained embryo may be 
well developed or not. In the field it 
has been found useful to dissect out one 
or two gametophytes from any particular 
tree. While the embryo is still very 
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young, the gametophytic tissue seems 
fairly translucent, but as the embryo 
becomes massive, it takes on a dense, 
starchy appearance. 

Further development is described en- 
tirely from sectioned material, since the 
embryo has now become too massive to 
be studied as a whole mount. 


Later Development 


Development in the podocarp embryo 
beyond the final stages described pre- 
viously appears to have been relatively 
neglected. The sole reference to this 
aspect in New Zealand species is contained 
in Holloway’s paper (1937) on Phyllo- 
cladus. Even in literature on conifer 
embryogeny in general comparatively 
little emphasis is given to the discussion 
of later embryonic development. 

For some time after the last stage des- 
cribed growth in the embryo follows the 
same pattern. Meristematic activity is 
still general in the lower half, adding to 
the overall size by cell divisions in all 
planes (Fig. 11). The other half continues 
to contribute to the massive secondary 
suspensor. 

The first indication of organization is 
the gradual delimiting of a dermatogen- 
like layer one cell wide around the greater 
part of the developing embryo ( Fig. 12). 
It can definitely be stated that divisions 
in this region are periclinal only, but the 
appearance in more mature embryos 
suggests that possibly a second similar 
layer is laid down making a tissue at least 
two cells wide (Fig. 15), the inner per- 
haps forming a hypodermis. Only at 
the apex are the cells of the outer layer 
different in structure, having a more 
irregular shape than the typical rectan- 
gular dermatogen cells. 

The very early laying down of a der- 
matogen layer is not typical in conifers, 


Fics. 16-23 --- Fig. 16. 
troperiblem; shoot apex (s). x 120. 
‘ mother cells’ indicated. x 360. Fig. 18. 


Section of well-developed embryo; root apex (r) with below it calyp- 
Fig. 17. Shoot apex; apical initials and sub-terminal 
Plerome apex of root. 


Initials indicated with — 


below calyptroperiblem (cal). x 360. Fig. 19. Simple polyembryony with two embryo systems. 
x 120. Fig. 20. Simple polyembryony with three embryo systems. x 120. Fig. 21. Cleavage 
polyembryony. Two embryo systems with four developing embryos. x 120. Fig. 22. Cleavage 
polyembryony. Two embryo systems with three developing embryos. x 120. Fig. 23. Pro- 
liferation of prosuspensor cells (ps). x 120. 
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the only other reference noted to this 
condition being in the description by 
Buchholz (1925) of Cephalotaxus for- 
tunei. Holloway (1937) makes no refe- 
rence to the order of appearance of the 
dermatogen in Phyllocladus, but his figures 
seem to indicate that the condition may 
be similar to that in Podocarpus. 

In these species some organization of a 
separate central cylinder is obvious before 
the differentiation of a distinct root region, 
periclinal divisions occurring to mark 
off a core of elongated cells from the 
remainder of the embryonic tissue ( Fig. 
13). Using the histogen theory, it may 
then be said that the embryo has a distinct 
dermatogen, and a plerome, with the 
layers of more irregular cells between 
these two representing the periblem. 
These terms are used here only for con- 
venience, as no distinct initials were 
observed for any of the regions men- 
tioned. 

With the defining of a plerome the root 
apex of that tissue becomes very clearly 
marked off, consisting of a single cell or 
group of cells from which other rows 
apparently radiate upwards ( Fig. 15 ). 

The periblem is interesting in that it 
is continuous around the plerome apex 
of the root (Figs. 15, 16). Each peri- 
blem layer, as it 1s followed down, appears 
to divide and increase, so that immediately 
below the plerome apex of the root there 
is a greater number of rows of these cells 
than elsewhere in the embryo. In this 
position also they are elongated in a 
direction transverse to the long axis. 
This rather massive area of periblem 
represents the root cap, and from its 
apparent origin has been called a calyp- 
troperiblem (Buchholz & Old, 1933). 
It is obvious that there is no distinct 
calyptrogen in the embryo. Further 
down the root cap merges gradually with 
the elongating cells of the secondary sus- 
pensor. This applies also to the dermato- 
gen which at this level becomes indis- 
tinguishable. 

In some conifers a conspicuous groove 
can be observed at the margin of the root 
cap, more especially in the later stages 
of differentiation (Buchholz & Old, 
1933). No such feature is apparent in 
any of the species examined, and Hollo- 
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way (1937) has not pictured it for 
Phyllocladus. 

Immediately following the stage where 
the central core of plerome and the root 
apex can be observed, the embryo in- 
creases markedly in length before any 
further organization is noted. 

The development of the cotyledons is 
the next feature of interest. Primordia 
of these organs are first laid down by 
anticlinal divisions in the periblem region 
near the apex, and may be easily recog- 
nized before any protrusion is visible, 
Growth of the cotyledons proceeds at 
the same time as the embryo elongates 
still further. In no case have more than 
two cotyledons been observed. 

As will be noted from Figs. 14, 15, 16, 
little change is apparent during all this 
time in thestem apex. This region retains 
almost throughout a slightly domed 
appearance, quite different from the very 
conspicuous plumule primordium of Pinus. 
It seems to be almost intermediate be- 
tween that form and the flattened apex of 
Cephalotaxus ( Buchholz, 1925). Hollo- 
way’s illustrations show a similar condi- 
tion in Phyllocladus. Since no marked 
difference is to be noted in the shoot apex 
of embryos with well-formed cotyledons, 
it is possible that further development of 
that region takes place in the seed prior 
to germination. 

The embryo at this advanced stage 
has a well-marked root apex surrounded 
by massive calyptroperiblem, a less notice- 
able stem apex, and two well-developed 
cotyledons. The main axis is differen- 
tiated into three tissues which, for con- 
venience, may be called a central plerome, 
a surface dermatogen layer and an inter- 
mediate periblem. The cells of all three 
tissues are elongated longitudinally, this 
condition being most marked in the ple- 
rome (Fig. 16). 


Meristematic Regions 


For Cedrus Buchholz and Old (1933) 
give the order of appearance of the various 
regions as— plerome of root cap and 
calyptroperiblem; stem tip; cotyledons 
and hypocotyl region; epidermis covering 
part of the cotyledons and hypocotyl. 
Using these same terms the order of 
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differentiation in the species examined 
is epidermis; plerome of root tip and 
calyptroperiblem; cotyledons and hypo- 
cotyl region. It is difficult to say at 
what stage the stem apex can be des- 
cribed as a distinct unit as it is never 
prominent. 

Although most of the embryo is sur- 
rounded by a dermatogen-like layer, it 
was noted that at the apex the cells do 
not have the regular rectangular shape 
associated with a tissue of this type 
(Fig. 16). Fig. 17 shows the apical 
area in more detail. The general appear- 
ance is very similar to that illustrated by 
Foster ( 1941 ) for Abies venusta, in which 
an apical region is described, with below 
it an irregular group of sub-terminal 
“mother cells’, these being the inner 
derivatives of the apical initials. Accord- 


. ing to Foster all of the tissues of the stem 


can be traced back to this group. 

Below the primary meristematic area 
it will be noticed that the embryo is divided 
into two distinct tissues — an inner one 
consisting of narrow elongated cells, and 
an outer of larger, wider cells. This again 
is very similar to the condition described 
by Foster for Abies. From the inner 
tissue he derives the pith, and from the 
outer all of the other stem regions. 

It should be indicated here that Foster’s 
work was confined to the shoot apex of 


“ mature plants, so that a proper comparison 


can only be made from similar material 
in the podocarps. For this purpose sec- 
tions were made of the growing points of 


vegetative shoots of Podocarpus nivalis. 


In structure these are very similar to the 
embryonic apex, except that the relative 
amount of central elongated tissue is 
much smaller. The whole appearance 
in both the embryo and the later shoot 
apex supports Foster’s concept of two 
primary tissues. Cross (1939, 1943) 
shows a very like condition in various 
members of the Taxodiaceae that he has 
examined, and Foster (1941) mentions 
Araucaria bidwillii as a somewhat similar 
type. This arrangement of the shoot 
apex, which suggests a form of. tunica- 
corpus, seems, therefore, to be widespread 
in conifers. 

None of the embryos examined was far 
enough developed to decide from which 
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of the two tissues the various stem regions 
came, nor was this aspect examined in 
the mature shoot. Therefore, nothing 
can be said as regards Foster’s second 
concept, that the inner region gives rise 
to the pith only. Support for this is, 
however, shown by the fact that this 
tissue is relatively so much smaller in the 
apex of the mature shoot. 

Fig. 18 shows the detail of the root 
apex as previously described. Here again 
there seems to be a somewhat irregular 
group of initials which, however, appear 
to divide in a manner different from 
those of the stem apex. Buchholz and 
Old (1933) suggest that this group 
divides in all planes in turn, adding to 
the main axis above, and to the root 
cap below. 

No traces of leaf primordia were ob- 
served in any of the specimens examined. 
In conifers these have been found in the 
dormant stage of the seed only in Kete- 
leeria and Cedrus libanotica ( Buchholz 
& Old, 1933). Considering the relative 
immaturity of the shoot apex of the 
podocarps described, it is probable that 
noticeable leaf primordia appear much 
later in the seed at germination. 


Polyembryony 


Polyembryony, the occurrence of more 
than one embryo in each ovule is so 
common in the Gymnosperms that it may 
be called their most distinguishing em- 
bryonic characteristic. However, it may 
arise in more than one manner. The 
condition where several archegonia are 
fertilized and all the resulting embryos 
develop to some extent is known as 
simple polyembryony, while the splitting 
of the product of a single fertilized egg 
is referred to as cleavage polyembryony. 
Buchholz ( 1933 ) differentiates the latter 
form into determinate and indeterminate 
cleavage polyembryony. In the indeter- 
minate type no indication is shown, in 
the appearance of the early embryos, that 
any particular one of the embryonic units 
has a distinct advantage. This condition 
is exemplified by Pinus. In determinate 
cleavage polyembryony, on the other 
hand, one embryo, generally the terminal 
one, is more favourably situated than 
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the others, and is consequently the success- 
ful one. Dacrydium illustrates this form 
of embryonic selection. 

In the species discussed here simple 
polyembryony is the general rule ( Fig. 
19), the most common condition being 
where two archegonia are fertilized, both 
of the resulting embryos developing for 
some time. Fig. 20 illustrates a case 
where three archegonia have been fer- 
tilized but only the terminal embryo with 
two binucleate cells has developed to any 
extent. It is possible that some of the 
cells differing from the prosuspensor cells 
are degenerating remnants of the other 
embryos. If this is the case, it illustrates 
an unusually early stage for one embryo 
to definitely surpass the others. More 
frequently all embryos develop consider- 
ably further before it is possible to decide 
which is the successful one. 

Figs. 21 and 22 show two of the rare 
cases of cleavage polyembryony. In both 
simple polyembryony also occurs. The 
most likely condition leading to cleavage 
polyembryony in these species would be 
the occurrence of two binucleate cells in 
the proembryo. 

Buchholz (1929) recognizes all the 
cells of the proembryo as embryo initials, 
the lower tier only developing normally 
as embryos. The next tier is diverted 
to function as a suspensor, and the 
rosette nuclei disintegrate (cf. in Pinus 
rosette embryos frequently develop). 
Consequently when the embryonic tier 
consists of four cells as in Pinus four 
embryos develop, but in the species 
described this tier is represented by one 
cell only, resulting in the development 
of one embryo. In the cases where two 
cells are present, two embryos may dif- 
ferentiate by cleavage. It is claimed 
( Buchholz, 1929) that where several of 
these binucleate initials occur, as in 
Podocarpus dacrydioides, each develops 
independently of the others. 

Fig. 22 represents the most advanced 
stage at which more than one embryo were 
observed to be still developing. Usually 
the growth of the secondary suspensor in 
the leading unit causes the other embryos 
to be pushed back towards the archego- 
nial end where they eventually disinte- 
grate. No case was noted where more 
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than one embryo in a single ovule had 
fully developed. 

Another type of polyembryony which 
occurs in some conifers is the detachment 
and proliferation of suspensor cells. 
Buchholz ( 1941) notes the formation of 
secondary embryos from prosuspensor 
cells in Podocarpus macrophyllus and P. 
urbanii, and claims that although these 
cells may break away in P. totara they do 
not form embryos at their tips. Con- 
trary to this statement Fig. 23 illustrates 
a condition in P. acutifolius in which two 
of the prosuspensor cells have proliferated. 
It will be noted that the resulting groups 
do not have the typical appearance of 
embryos, but cell multiplication has at 
least occurred. It will be remembered 
that in other respects this species agrees 
with P. totara, so that there are no grounds 
for believing that the latter species does 
not occasionally display the same condi- 
tion. The breaking away of prosuspensor 
cells without further development is by 
no means uncommon. 

This last account draws further atten- 
tion to the nature of the prosuspensor 
cells, and supports the contention that 
they are embryonic in nature. 

It appears from the foregoing discus- 
sion that P. totara and its allies have 
reduced polyembryony almost to the 
minimum possible in the Podocarpaceae. 
Simple polyembryony is usual, cleavage 
polyembryony comparatively rare, and 
the development of prosuspensor cells 
has almost ceased to occur. Even in 
simple polyembryony the commonest 
number is only two. All this represents 
a reduction in this character even when 
compared with other species of section 
Eupodocarpus. 


Discussion 


Although most points raised in the 
previous section have been discussed to 
some extent, a more general survey of 
the position of P. totara and its allies in 
relation to other podocarps is given here. 

Chamberlain ( 1935 ) regards the reduc- 
tion in the number of free nuclei of the 
proembryo from the 32-64 of the Arau- 
cariaceae to the 4 of the Abietaceae as an 
evolutionary advance. Using this crite- 
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rion, the Podocarpaceae is intermediate 
between these two families, since the 
number of free nuclei here appears to 
vary from 16 to 32. In this aspect the 
Eupodocarpus species described would, 
with their sixteen free nuclei, be more 
advanced than such forms as P. spicatus 
with thirty-two. 

Most interest, and most uncertainty, 
surrounds the origin of the binucleate 
condition of the embryonic tier. It seems 
to be assumed by most writers that this 
state is primary — initiated at the time 
of first wall formation. Doyle and Looby 
(1939), however, show this condition 
arising in Saxegothaea from an uninu- 
cleate group of walled cells. If the method 
of development of the binucleate condi- 
tion in Saxegothaea should prove typical 
of the Podocarpaceae, additional support 
is given to Elliott’s (1948) theory that 
the situation is homologous with the 
division which in other conifers gives rise 
to primary suspensor and embryo tiers. 
The possibility remains, however, that 
since Saxegothaea is regarded as a rela- 
tively primitive podocarp, the condition 
there may not be similar to that in the 
more advanced Eupodocarpus group. Un- 
fortunately accurate figures of these vital 
stages were not observed by the writer. 

If simplification of polyembryony is to 


. be regarded as indicating advance, the 


. podocarps (Buchholz, 1929). 
_ embryonic development when the secon- 


New Zealand species of Eupodocarpus 
represent one of the highest forms in that 
trend among the conifers. Cleavage poly- 


‚embryony has been almost eliminated, 


and simple polyembryony reduced to 
usually two competing embryos. How- 
ever it should be noted that the concept 
of the elimination of cleavage polyem- 
bryony being an advanced character is 
not held by all workers ( Radforth, 1948). 

The absence of any definite apical 
initial in the early embryo stages des- 
cribed may be taken as a more advanced 
feature than the condition in some other 
In later 


dary suspensor is formed, no marked 


- difference is noted. 


No comparison of P. totara with a 


variety of other podocarp species at the 


stage of tissue differentiation is possible, 
since the only other description of this 
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phase is that given by Holloway ( 1937 ) 
for Phyllocladus. In this account his 
figures correspond very closely to the 
condition noted by the writer. With 
other conifer families only a broad com- 
parison can be attempted. In Cepha- 
lotaxus ( Buchholz, 1925) the stem apex 
remains flat and relatively undifferen- 
tiated until the seed is mature, while in 


Pinus it is very prominent even before 


the formation of cotyledons. Podocarpus 
totara shows an intermediate condition, 
with an apex which is not as flat as that 
of Cephalotaxus, nor as conspicuous as 
that of Pinus. Some differences are also 
noted in the order of appearance of the 
different regions. 

From the foregoing discussion it appears 
that the type of embryogeny described 
may be regarded, either as comparatively 
advanced, or at least modified in the 
direction of simplicity. In this latter 
respect it represents the ultimate stage 
described, even within the section Eupodo- 
carpus. Embryo initials have been re- 
duced, usually to one, and polyembryony 
has been greatly simplified. 


Summary 


1. In the New Zealand species of 
Eupodocarpus, pollination usually occurs 
about the middle of October, fertilization 
a month later, and seeds are ripe in 
February. Exceptions to this timing are, 
however, by no means uncommon. 

2. Typically the proembryo forms six- 
teen free nuclei before wall formation. 
This gives a three-tiered arrangement of 
a single binucleate embryo initial, 7-9 
prosuspensor cells and a group of short- 
lived rosette nuclei. 

3. The binucleate condition of the 
embryo does not exist past the initial 
single cell stage. 

4. The embryo becomes quite massive 
before any regional differentiation is 
apparent. When this does occur, it is not 
in the same order as described for the 
Abietaceae in that a dermatogen-like 
layer is recognizable first, and the stem 
apex is never conspicuous. 

5. The structure of the shoot apex 
resembles the condition previously des- 
cribed for other conifer groups. 
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6. Polyembryony is usually simple. 
Cleavage polyembryony does occur but 
it is not very common. 
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7. The type of embryogeny represented 
seems to be the simplest described for Podo- 
carpus, or even for its section Eupodocarpus. 
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ON MACROZAMIA HOPEITES—AN EARLY TERTIARY 
CYCAD FROM AUSTRALIA 


ISABEL C. COOKSON 


University of Melbourne, Australia 


Introduction 


Although little doubt exists regarding 
the antiquity of the family Cycadaceae, 
the past history of its living representa- 
tives is still inadequately known. Portions 
of stems and ‘leaves from Cretaceous and 
Tertiary deposits in various countries 
have been attributed to such modern 
genera as Cycas, Encephalartos and Zamia 


( Kräusel, 1928, 1930; Pimenova, 1939; 
Gothan, 1941), but, whilst some of these 
identifications seem to be reasonably well 
established, others are of a more doubtful 
character. Most of the Australian records 
fall into the second category, the dis- 
covery of leaf remains in Victoria which 
are structurally comparable with one of 
the living Australian species is, therefore, 
of special interest. 
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. The family Cycadaceae is represented 
in the present flora of Australia by three 
genera: Cycas (two or three species), 
Bowenia (two species) and Macrozamia 
(ten or more species). Of these, Cycas, 
which extends to eastern Asia, is res- 
tricted to the tropics, Bowenia is confined 
to north and central Queensland, while 
Macrozamia is found in coastal Queens- 
land, New South Wales and Central and 
Western Australia. 

So far nothing of a precise nature has 
been known about the geological occur- 
rence in Australia of any of these genera. 
The earliest published Tertiary record 
seems to be that of Cycadites microphylla 
Johnston (1885) from beds near Mount 
Bischoff, Tasmania. The figured speci- 
men is portion of a pinnate leaf, the 
pinnae of which are small and have a 
distinct midrib. The cycadean affinity 
of this fossil is not sufficiently substantia- 
ted; the pinnae are much smaller than 
those of any living species. Florin ( 1940, 
p. 48) mentions that “ it might possibly 
represent a podocarpaceous conifer ’’. 

The family connections of Anomozamites 
muelleri Ettingshausen (1888 ) from Ter- 
tiary beds near Vegetable Creek, New 
South Wales, have already been ques- 
tioned by Kräusel ( 1928) who suggested 
the possibility that it might have been a 
. fern or a dicotyledon. 

Even more doubtful are the “stems ”, 
“cones ’’, etc., from the Tertiary Basin 
near Launceston, Tasmania, referred to 
by Scott (1930) as Cycadites dowlingt. 
Scott answering his critics in 1933, failed 
to provide proof that his specimens were 
not concretionary nodules of inorganic 
origin. Nineteen of these specimens, in- 
cluding Scott’s “ cotypes ”, have been 
examined by Mr. E. D. Gill, Curator of 
Fossils at the National Museum of 
Victoria, the specimens being kindly 
loaned by Miss I. Thomson, Director, 
Queen Victoria Museum, Launceston. Mr. 
Gilt is of the opinion that all the speci- 
mens could be concretions, that some of 
them definitely are, and that in no case 
is there proof of organic remains. My 
own examination has revealed no evidence 
of plant remains amongst them. 

On the other hand, leaflets from Cre- 
taceous beds, exposed in “a quarry on 
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the Diamentina River, one mile from 
Birdsville, contiguous to the South Aus- 
tralian and Queensland border ’, des- 
cribed by R. Etheridge J. (1898) 
under the name Zamites ensiformis, seem 
to be correctly placed with the Cycadaceae 
They were referred by Etheridge to 
Zamites on account of the contracted base 
and distinct callus at the point of union 
with the rachis. This feature also cha- 
racterizes certain species of Macrozamia 
so that it seems equally possible that 
Z. ensiformis could have been related to 
this genus. The specimen and its counter- 
part described by Etheridge ( Australian 
Museum, Sydney, Nos. F 9269 and F 
9270 ) were, therefore, re-examined in the 
hope of obtaining further information in 
this connection. It was found that the 
leaflets of Z. ensiformis are merely re- 
presented by brown impressions on the 
surface of the porous fine-grained sand- 
stone and that there is no trace of the 
original organic material from which 
cuticular details might be obtained. 

The general shape and curvature of the 
leaflets and their apparent parallel vena- 
tion are in conformity with Macrozamia, 
but the leaflets are shorter, in proportion 
to their width, than those of living species. 
Since no structural details can be derived 
from the type specimen, the relationship 
of Z. ensiformis with either living or fossil 
Cycads cannot be determined. 

The Victorian leaf fragments to be des- 
cribed in this paper, unlike those men- 
tioned previously, show definite cycadean 
affinities inasmuch as they are in close 
structural agreement with leaflets of 
Macrozamia hope (W. Hill) F. M. 
Bailey of North Queensland. For this 
reason they have been referred to 
Macrozamia and given the specific name 
“ hopertes”’. 


Macrozamia hopeites n. sp. 


EXTERNAL CHARACTERS ( Figs. 1, 2) — 
The material upon which this species has 
been based has consisted of only a few 
small leaf fragments which were collected 
from a sandy bed exposed during 1947 and 
1948 on top of the early Tertiary brown 
coal at the Lucifer Mine, Bacchus Marsh, 
Victoria. 
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Although no details concerning the 
shape and size of a complete leaflet can 
be given, the specimens indicate that the 
leaflets of M. hopeites must have been 
of considerable size. The type specimen 
illustrated in Fig. 1 is 30 mm. long 
and 17 mm. across, but since the right 
hand margin is missing, it seems likely 
that the total width was at least 2 cm. 
In it the under surface is exposed ; 
this is distinctly longitudinally ribbed, 
the ribs, which mark the position of the 
veins, being about 1 mm. apart. The 
margin is thin and entire. 

Portion of the upper surface of another 
specimen is shown in Fig. 2. On this 
surface the position of the veins is not 
indicated, but fine longitudinal striations, 
which represent the rows in which the epi- 
dermal cells are arranged, are clearly 
visible under a low magnification. 

CUTICULAR STRUCTURE Lower Epidermis 
(Figs. 3, 4): The leaflets are hypo- 
stomatic. The stomata are restricted to 
the areas between the veins, and their 
long axes lie parallel with or occasionally 
slightly obliquely to the length of the 
leaflet. They are large and each is typi- 
cally associated with six ( 4-8) subsidiary 
cells and approximately the same number 
of encircling cells. 

The subsidiary cells are partially hidden 


. by the encircling cells and thus are incons- 


picuous in surface views of the cuticle. 
The guard cells lie at the bottom of a 
shallow pit which in transverse section 


is seen to be bordered by the subsidiary 


and encircling cells ( Fig. 5). The cuticle 
which is about 2-64 thick extends into the 


- pit and covers the exposed portions of the 


guard cells. 

The epidermal cells are fibre-like with 
their long diameters ( c. 36-160 u) usually 
obliquely oriented to the long axis of the 
leaflet. Some of the epidermal cells have 
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much thickened lateral walls, others are 
thin walled, the former type being slightly 
in excess of the latter. Pits are not deve- 
loped. The secondary wall is less 
resistant to maceration than the middle 
lamella and frequently becomes com- 
pletely detached from the latter in over- 
macerated cuticles. The cells of the 
stomatal bands are slightly shorter than 
those above the veins. 

Upper Epidermis (Figs. 7, 8): The 
cells are arranged in rather regular longi- 
tudinal rows ( Fig. 7). Most of them are 
fibre-like with their long diameters ( c. 40- 
170 u) placed obliquely or transversely 
to the long axis of the leaflet, some are 
roughly isodiametric and three or four- 
angled. The epidermal cells are of two 
kinds: those with thick, unpitted lateral 
walls and contrasting ones in which the 
walls are thin and rather conspicuously 
pitted ( Fig. 8); the former are the more 
numerous. The middle lamella is clearly 
defined and more resistant than the se- 
condary wall. The cuticle is about 8 u 
thick. 


Affinities of Macrozamia hopeites 


Thomas and Bancroft (1913) appear 
to have been the first to indicate the 
possible value of cuticular anatomy in 
the taxonomy of the genus Macrozamia. 
They found that the species examined by 
them fell into two groups according to the 
orientation of the epidermal cells, one 
group comprising ‘“‘ M. denisoni F. Muell. 
and M. hoper T. Hill”, in which the long 
axes of the epidermal cells were either 
obliquely or transversely placed in rela- 
tion to the long axis of the leaflet, the 
other comprising “ M. spiralis ( = Fraseri, 
Mig.?)”’ and “ M. corallipes, Hook. f.”, 
in which they were parallel to it. A more 
comprehensive examination of the cuticles 
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of all the recognized species and varieties 
of Macrozamia, undertaken by the writer, 
has shown that, in the arrangement and 
orientation of their epidermal cells, M. 
peroffskyana (Regel) Miquel (Syn. M. 
densonii Muell.) and M. hopei are distinct 
from all other species of Macrozamia. M. 
peroffskyana was originally described (from 
a young barren plant } in 1857 by Regel 
who made it the type of a new genus 
Lepidozamia, but subsequent taxono- 
mists, including Schuster (1932) who 
monographed the family Cycadaceae, have 
merged this genus with Macrozamia. Mr. 
L. Johnson of Sydney who is working on 
the systematics of the group has verbally 
stated that he considers Lepidozamia to 
be distinct from Macrozamia. However, 
until his researches are published it is 
deemed preferable to use the name 
Macrozamia in the wider sense. 

From the above it will be evident that 
the epidermal cells of the fossil species 
M. hopeites have the same type of orienta- 
tion as those of M. peroffskyana and M. 
hopei, an agreement that is suggestive of a 
close relationship between all three species. 
Schuster in his monograph reduced M. 
hopei to a variety of M. peroffskyana, but 
on structural grounds alone this would 
seem to be unjustified. The epidermal 
cells of M. peroffskyana are consistently 
| shorter and broader (c. 18-85 u, as 

‚against 50-150 u in M. hope: ), the cell 
walls are thicker, and there is a larger 
proportion of thick-walled cells than in 
M. hopei. Moreover in M. hopei the thin- 
walled cells of the upper epidermis are 
pitted, a feature noted by Thomas and 
. Bancroft, whereas they are unpitted in 
M. peroffskyana. 

In all these features M. hopeites is in 
complete agreement with M. hopei and 
distinct from M. peroffskyana, in fact the 
‘ only distinction between the cuticles of 
M. hopeites and M. hopei seems to be that 
| in the former the epidermal cells are 
‘slightly larger and the stomata more con- 
- sistently parallel with the long axis of the 
| leaf (in M. hopei the stomata may be 
à obliquely or occasionally transversely 
¢ oriented ). 
| Other points of agreement between M. 
| hopeites and M. hopei are the width of 
the leaflets, which in both species is signi- 
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ficantly greater than that of the leaflets 
of M. peroffskyana, the prominence of the 
veins on the under surface and the fine 
striation of the upper surface of the 
leaflets. 

Comparisons between the living and 
fossil species cannot be carried much 
further owing to the unfavourable pre- 
servation of the internal tissues of the 
fossil leaflets. Sections of these cut by 
the paraffin method have included a few 
stomata in transverse section (Fig. 5), 
the appearance of which seems to indicate 
that, as in Ceratozamia mexicana Brongn. 
( Harris, 1932), the sunken guard cells are 
partially covered by two series of cells, 
an inner comprising the subsidiary cells 
and an outer series comprising the en- 
circling cells. This formation contrasts 
slightly with that characterizing M. hopei 
and M. peroffskyana in which more than 
two series of cells are associated with each 
pair of guard cells (Thomas & Bancroft, 
1913 ). 

However, when the morphological and 
structural features of M. hopeites and M. 
hopei are considered as a whole, there 
seems no reason to doubt that the two 
forms were closely related to one another. 
This is particularly interesting in view of 
the great distance between the present 
location of M. hopei and the Victorian 
locality at which M. hopeites was found. 
M. hope: [ the tallest of all cycads ( Cham- 
berlain, 1931) ] is the northernmost species 
of Macrozamia and is now confined to a 
comparatively small area of north-eastern 
Queensland, in the vicinity of Cairns, that 
extends from approximately 16° to 18°S. 
lat. The latitude of Bacchus Marsh, 
Victoria, is approximately 38°S. M. 
peroffskyana with which M. hopeites 
seems to have been more remotely con- 
nected occupies an intermediate situation 
extending from Tamborine Mountain near 
Brisbane (c. 28°S. lat.) to Gloucester in 
New South Wales ( 32°S. lat.). 

M. hopeites, therefore, provides us with 
another exampie of a southern Australian 
Tertiary type, the affinity of which lies 


with a more northern living species. 
Other forms with similar connections 
include: Nothofagus, certain Tertiary 


species of which, judging by their pollen 
grains, must have been closely related to 
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species now living in New Guinea and New 
Caledonia (Cookson, 1952); Beauprea, a 
New Caledonian member of the Proteaceae 
which appears to be represented in early 
Tertiary deposits in Australia and Tas- 
mania by two sporomorphs similar to the 
pollen grains of two of the living species 
(Cookson, 1950); Agathis yallournensis 
Cookson and Duigan (1951) from Oligo- 
cene brown coal at Yallourn, Victoria, 
which has more features in common with 
Agathis palmerstoni F.v.M. from northern 
Queensland than with those of any other 
recent species; Araucaria lignitict Cookson 
and Duigan (1951) from Yallourn, Vic- 
toria, which closely resembles the New 
Caledonian species Araucaria balansae 
Brongn. et Gris. and Araucaria derwenten- 
sts Selling (1950) for which Selling has 
suggested New Caledonian affinities. 


Summary 


A fossil species of Macrozamia from an 
early Tertiary (Oligocene) deposit in 
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Victoria, Australia, has been described. 
The affinity of the fossil with living species 
of Macrozamia has been considered and 
evidence in support of a close connection 
with Macrozamia hopei has been brought 
forward. 

In conclusion I wish to thank Dr. A. B. 
Walkom, Australian Museum, Sydney, for 
permission to examine the type specimen 
of Zamites ensiformis and Mr. H. Fletcher 
for facilities during my visit to the 
Museum. I am greatly indebted to Mr. 
R. H. Anderson and Mr. L. Johnson, 
Botanic Gardens, Sydney, for material of 
living types of Macrozamia, to Mr. P. F. 
Morris and Mr. J. H. Willis, National 
Herbarium, Melbourne, for help with 
nomenclature and to Mr. E. D. Gill, 
National Museum of Victoria, for his 
opinion on the Tasmanian ‘‘ Cycads ”. 

This work was made possible by con- 
siderable financial assistance from the 
Commonwealth Scientific and Industrial 
Research Organization. 
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OBSERVATION ON TWIN EMBRYO SACS IN 
SORGHUM VULGARE 


GEORGE W. JOHNSTON 
Mississippi State College, State College, Miss., U.S.A. 


Though multiple embryo sacs have 
been reported as occurring in several 
genera of angiosperms, such a condition 
is the exception rather than the general 
rule. In some cases polyembryony has 
been directly traceable to the formation 
of more than one sac in an ovule. While 
doing experimental work with Sorghum 
vulgare, the writer noted a seed in which 

_ there were two embryos, both apparently 
perfectly developed. Later, while study- 
ing the embryology of the same species, a 

_ section was observed in which there were 
two complete embryo sacs, each contain- 

. ing a zygote. The present work is a des- 
cription of the twin sacs, with additional 
observations that seemed of interest. 


Materials and Methods 


The slide from which this study was 
made is one of a large number prepared 
while studying the embryology of sor- 
ghum. The material was killed in Ran- 
dolph’s modification of Nawaschin’s fixa- 
tive, dehydrated and embedded in the 

| usual manner, sectioned at 10y, and 

stained in  Delafield’s haematoxylin. 
Drawings were made with a camera 
lucida. 


Observations 


_ Maheshwari (1950) states that “ mul- 
| tiple embryo sacs may arise (1) either 
from the derivatives of the same mega- 
|. spore mother cell, or (2) from two or more 
_ megaspore mother cells, or (3) from 
- nucellar cells (apospory ) ”. For want of 

supporting evidence, a positive statement 


cannot be made concerning the origin 


313 


of the sacs here shown. Suffice it to say, 
they were quite similar in size and general 
appearance and retained their identity as 
separate structures throughout. 

The sacs were side by side when viewed 
in median sagittal section. One was 
located directly opposite the micropyle 
in the usual manner, while the other was 
located at a slightly higher level toward 
the attachment side of the ovule. The 
sacs were on approximately the same 
plane, as evidenced by the fact that their 
contents were almost equally visible when 
viewed at the same level of sectioning; 
i.e. a distance of less than ten microns 
separated the level of any two identical 
parts. Neither of the sacs showed any 
imperfections in size or structure that 
would distinguish it from the normal. 

Each sac showed a zygote and numerous 
endosperm nuclei, demonstrating the fact 
that fertilization had occurred almost 
simultaneously in the two. When viewed 
in the light of the fact that both sacs 
contained a potential embryo (zygote), 
it seems plausible to assume that the two 
embryos found by the writer in the single 
seed mentioned above might have arisen 
as the result of twin embryo sacs. Such 
an assumption is in agreement with the 
work of Bacchi (1943) and Nielsen 
(1946) who found in Citrus and Poa 
respectively that two or more gameto- 
phytes or sacs may occur in a single 
ovule, thus accounting for two or more 
normal embryos in a single seed. 

Fig. 1 shows both sacs with sufficient 
clarity to identify major components, the 
zygote of sac A being in sharp focus 
throughout, that of sac B visible only in 
part. In fig. 2 the zygote of sac B is 
clearly visible, while that of sac A is 


Fics. 1, 2 — Both figures x 460. 
sacs, A and B, the zygote of sac A, appearing more prominent than that of sac B. Note two 
accessory pollen tubes, one inside sac A, the other at the surface of sac B. Fig. 2. View of same 
sacs as shown in Fig. 1 but at different levels of sectioning; the zygotesof sac B is prominent, 
that of sac A practically out of focus. 


practically out of focus. In both figures 
the micropylar end of sac B shows rem- 
nants of the synergids. Since the pollen 
tube usually destroys one or both syner- 
gids when entering the sac, it is assumed 
that the tube entered sac B at some point 
other than that occupied by the synergids. 

Because of the fact that angiosperm 
ovules usually contain only one embryo 
sac, the entrance of one pollen tube is 
considered to be the usual condition. 
Compton (1912) observed an ovule of 
Lychnis containing two sacs, each of 
which had been entered by a pollen tube. 
He reasoned that the combined secretion 
of the two sacs was sufficient to attract 
two tubes. According to Maheshwari 
(1950) numerous cases have been cited 


Fig. 1. Sagittal section through ovule showing two embryo 


in which a single sac was penetrated by 
more than one tube. Thus an absolute 
quantitative relationship between sacs 
and tubes cannot be established. The 
findings of the present work bear out the 
latter statement. Four pollen tubes en- 
tered the ovule under observation. Two 
tubes, one entering each sac, effected 
fertilization; a third tube penetrated to 
the surface of sac B ( Fig. 1) but failed 
to enter; and a fourth tube entered sac A 
( Fig. 1) but was checked intact at the 
surface of the zygote. 


Summary 


Two embryo sacs, each containing a 
normal-appearing zygote, were observed 
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in an ovule of Sorghum vulgare. The 
method of origin of the sacs could not be 
determined. The sacs were quite similar 
in size and general structure. Four pollen 
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tubes penetrated the ovule, three of the 
tubes entering the sacs. The probable 
relationship between multiple embryo 
sacs and polyembryony is discussed. 
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THE INFLUENCE OF MAJOR MINERAL 
NUTRIENT DEFICIENCIES ON GROWTH AND 
ISSUEIDIBERRENPIATION IN, THESHYBOCOTYL OF 


- MARGLOBE TOMATO, LYCOPERSICON ESCULENTUM MILL. 
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FRANK D. VENNING 


Swingle Plant Research Laboratory 
The University of Miami, Coral Gables, Florida, U.S.A. 


Introduction (Meyer & Anderson, 1939). It is fairly 


For almost a hundred years scientific 
investigations have been under way to 


. determine which mineral elements are 


essential for plant growth, and more 
recently, to determine the particular role 
played by a specific element within the 
plant. From such studies a number of 
elements have been recognized as definitely 
essential for normal plant development, 
others considered non-essential, while the 


status of a few is not as yet conclusively 
‘determined. At present, botanists are 


agreed that sulfur, phosphorus, calcium, 


.magnesium, potassium, nitrogen, and iron 
| are essential in appreciable quantity for 
|: normal plant growth; and these, together 


with hydrogen, carbon, and oxygen, 
constitute the macro-nutrient elements 


well established that boron, manganese, 
copper, and zinc are essential in minute 
quantity, and constitute what have come 
to be known as the micro-nutrient ele- 
ments (Brenchley & Warington, 1927; 
Clark, 1933; Haas, 1932; Hopkins, 1934; 
Johnston & Fisher, 1930; Lipman & 
MacKinney, 1931; Sommer, 1928, 1931; 
Sommer & Lipman, 1926 ). 

Sodium, silicon, chlorine, aluminium, 
nickel, and several other metals have at 
times been held to be essential nutrients, 
and they may prove essential for all or 
specific plants, but their status is uncertain 
at present ( Breazeale, 1906; Haas, 1927; 
McHargue, 1925; Osterhout, 1912; Som- 
mer, 1926 ). 

Plants grown in media which do not 
supply a sufficient quantity of one or more 
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of the essential elements have been shown 
to develop characteristic morphological 
abnormalities, the so-called ‘ deficiency 
symptoms ’ for that particular element or 
elements (McMurtrey, 1938). Such symp- 
toms have been carefully described for a 
number of species (Chapman & Kelley, 
1943; Hambidge, 1941 ), and the general 
conclusions based on these studies indicate 
that a particular mineral element has 
specific roles within a plant, as well as an 
interrelated role with the other elements. 
It seems further indicated that the specific 
role of a particular macro-nutrient is in 
all probability much the same in all plants, 
though to greater or lesser degree ( Meyer 
& Anderson, 1939 ). : 

The anatomical and histological changes 
induced in a plant by the absence or 
excess of an essential element have been 
studied by several investigators. Many 
of these investigations have been con- 
cerned with several of the micro-nutrients ; 
and the effects of a deficiency of particular 
macro-nutrients on the development of 
the internal tissues are incompletely 
known. The anatomical literature perti- 
nent to the present investigation is dis- 
cussed further on in the text. 

This study describes anatomical and 
histological deviations which occur in the 
hypocotyl of tomatoes grown in solutions 
deficient in each of six of the macro- 
nutrients necessary to plant growth. 
Comparisons of the effects of deficiencies 
of sulfur, calcium, nitrogen, phosphorus, 
potassium, and iron are drawn, and 
indications are made of possible relations 
between anatomical modifications and the 
visual or gross ‘ deficiency symptoms’ 
already recognized for these elements. 


Materials and Methods 


Certified seeds of marglobe tomatoes 
were germinated under glass in washed 
sterile sand, watered with distilled water, 
and after expansion of the first true leaves 
(seven days) were transplanted to seven 
hydroponic culture series. For each cul- 
ture series, six two-gallon glazed stoneware 
jars were employed, filled with No. 10 
mesh washed quartz gravel for root 
anchorage, and aerated by a regulated 
flow of washed compressed air introduced 


PHYTOMORPHOLOGY 


[ July 


into the bottom of the jar. One series 
of plants received a complete nutrient 
solution and served as a control. The 
plants being tested for deficiencies received 
a nutrient solution identical to that given 
the controls, with the exception of the 
particular element under study, which 
was replaced by a similar non-essential 
element. The formulae employed for the 
complete nutrient solution and the defi- 
ciency solutions were taken from Meyer 
and Anderson (1941) and are shown in 
Table 1. 

Plants in all seven series were grown 
simultaneously in the same greenhouse 
under comparable conditions of light, 
temperature, and humidity. The con- 
centration of nutrient ions was kept 
approximately the same in the cultural 
solutions of all seven series of plants. 

Samples for anatomical study were 
collected at weekly intervals after trans- 
planting to the nutrient solutions for six 
weeks, and a final collection was made 


TABLE 1— COMPOSITION OF 
NUTRIENT SOLUTIONS 


The Complete Solution 


1 mol. MgSO,.7H,O 2-3 ml. 
1 mol. Ca(NO;),.4H,0 ors.) 450m 
1 mol. KH,PO,.H,O 02.30 
Iron solution (5 gm. FeCl; plus 5 gm. 
tartaric acid per liter ) 2591-0 
Supplementary solution se 21.0200 


Distilled water to make 1 liter of solution. 


The Supplementary Solution 


(Supplied to all series to provide micro-nutrients ) 


H,BO, 2:86 gm. 
MnCl,.4H,O 1:81 gm. 
ZnCl, 208 0-11 gm. 
CuCl,.2H,O i 0-05 gm. 


Distilled water to make 1 liter of solution. 


Replacements in the Deficiency Series 


Sulfur : MgSO4.7H,0 was replaced by an equal 
volume of 1 molar MgCl,.6H,O 

Calcium: Ca(NO;):.4H,0 was replaced with a 
double volume of 1 molar NaNO, 

Nitrogen: Ca(NO,),-4H,O was replaced with 
an equal volume of 1 molar CaCl, 

Potassium: KH,PO,,was replaced with an 
equal volume of 1 molar NaH,PO,.H,0 

Phosphorus: KH,PO, was replaced with an 
equal volume of 1 molar KCl 

Iron: The iron solution was omitted 


+ eee eee 
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45 days after transplanting. Although 
several regions of the plant body were 
collected, intensive study was restricted 
in this particular work to the structure 
of the upper region in the hypocotyl just 
beneath the attachment of the cotyle- 
donary leaves, as this region was the most 
mature portion of the axis, and had under- 
gone the greatest amount of secondary 
growth and development. At the end of 
the 45-day period the control plants were 
in flower and small fruits were developing, 
while the six deficiency series of plants 
had all developed the typical vegetative 
‘deficiency symptoms’ characteristic for 
each particular nutrient deficiency in 
tomato. 


formalin-aceto-alcohol, dehydrated in a 
tertiary butyl alcohol series, infiltrated by 
the paraffin oil technique, and embedded 
in tissuemat paraffin with a melting point 
of 58°C. Both longitudinal and trans- 
verse serial microtome sections were cut 
at 10, 15, and 20 u with a Spencer rotary 
microtome, stained with a safranin and 
fast-green staining combination, and per- 
manently mounted on slides for micro- 
scopic study. The older hypocotyls were 
difficult to section by the paraffin method, 
and it was necessary to vary the procedure 
with this tissue by softening in concen- 
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trated hydrofluoric acid from 3 to 5 days 
before beginning dehydration. 


Observations 


All experimental series of plants lack- 
ing a particular macro-nutrient showed 
marked variation in habit and growth 
from the control, and microscopic exam- 
ination of the hypocotyl revealed dif- 
ferences no less striking. Transverse sec- 
tions from material collected after 45 days 
showed different proportions of tissue to 
have been differentiated in each deficiency 
series ( Table 2 and Fig. 1). Cortex in 
this table was computed to include all 
tissues between the starch sheath and the 
vascular cambium. As the tissues are 
arranged in concentric cylinders in the 
hypocotyl (excluding the medullary 
phloem in the pith), tissue area may be 
considered representative of tissue volume 
in the table. It is apparent from these 
figures that mineral nutrient deficiencies 
influence the development of tissues 
derived from the primary, or apical, 
meristem such as the cortex and pith, and 
also those for the most part derived from 
secondary meristems, such as the bulk of 
the xylem and phloem. 

Variation in the total quantity of a 
particular tissue in the series as expressed 


TABLE 2 — AVERAGE AREAS OF TISSUES (TRANSVERSE SECTION ) IN 
FIFTY-TWO-DAY OLD TOMATO HYPOCOTYLS 


| 
The samples were fixed in 70 per cent 


series of plants. 


) ing the boundaries of the major axial tissues. 
\ by simple arithmetic subtraction. 
| micrometer, at x 50 magnification. 


SERIES TOTAL STEM AREA OF 

AREA CORTEX 
Control 28:96 8-45 
Minus sulfur 31:29 8:76 
Minus calcium 20:69 6-54 
Minus nitrogen 6:76 3-84 
) Minus potassium 11-88 4:59 
' Minus phosphorus 27-95 10-18 
' Minus iron 40-47 14:01 


( AU figures are given in square millimeters ) 


AREA OF AREA OF AREA OF 

EXTERNAL SECONDARY PITH 

PHLOEM XYLEM 
4-79 6-11 9-61 
3-89 4:80 13-84 
2-59 2-91 8-65 
0:16 1-50 1:26 
1:83 0:95 4-51 
3-33 7:61 6:83 
6:07 11-22 9-17 


The data in this table were obtained from 25 transverse sections of the hypocotyl of each 
The tissues were treated geometrically as concentric circles within the axis, 
and 8 measurements were made of the radius of each section, as well as 8 measurements of that 
|. portion of the radius lying across a specific tissue. es of asurem 
\ tissue of each series were used to compute the areas of the individual concentric circles represent- 
The area of a particular tissue was then calculated 
All measurements were made with the aid of an ocular 


Averages of these 200 measurements of each 
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in Table 2 does not present a complete 
picture, for the average cell size of primary 
tissues varied between the several defi- 
ciency series and the control plants. As 
an example Fig. 2 graphs the average 
volumes of cortex cells for all series. The 
average transverse section areas and elon- 
gation of cortical parenchyma was equal to 
or greater than that of the control plants 
grown without nitrogen, potassium, iron, 
sulfur, and calcium. Maximum cell 
size was seen in the plants deficient in 
calcium, where average cell volume was 
almost twice as great as that in com- 


— Control 


) ©, 
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Fic. 1 — Diagrams of transverse sections of 
the hypocotyl from 52-day old tomato plants 
from all seven nutrient series, showing the rela- 


-Ca 


tive areas of tissues within the axis. The white 
area in the center of each diagram represents 
the pith; the heavy black area surrounding the 
pith is differentiated xylem. The white circle 
immediately outside the xylem represents the 
phloem; the outermost area is the cortex and 
epidermis. Diagrams approximately x 50 dia- 
meters. Note the lack of external secondary 
phloem in the plant lacking nitrogen, but the 
relatively large development of secondary xylem 
in this plant. Note also the lack of xylem in 
the plant grown without potassium, and the 
similarity to the control of the plants lacking 
phosphorus and iron, 
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AVERAGE CELL voLumes = CORTICAL MRENCHYMA 


Fic. 2— Graph showing the average cell 
volumes of the cortical parenchyma cells from 
52-day old plants from all seven nutrient series. 
See explanation of Table 3 for methods of 
measurement to secure the data necessary to 
execute this graph. Notice that cortical paren- 
chyma cells of the series deficient in calcium 
averaged the largest volume, about twice that of 
the control plants, whereas in the series deficient 
in phosphorus they were approximately one- 
fourth smaller in average volume than in the 
control series. Fuller discussion is included in 
the text. 


parable cells in the cortex of the control 
plants. Cortical parenchyma of fifty-two- 
day old plants deficient in phosphorus, in 
marked contrast to the other deficiency 
series, had an average cell volume only 
two-thirds as great as that of the control. 
Smaller size of the cells in this tissue 
might be supposed to result from a larger 
number of cortex initials per unit volume 
of tissue differentiated during the early 
ontogeny of the seedling from the terminal 
meristem. A study of younger hypocotyls 
from phosphorus-starved plants showed 
that this was not the case. At first, the 
cortical parenchyma cells approximate the 
size and number per unit volume of tissue 
seen in the control series, but as the plant 
develops and the effects of the deficiency 
are presumably intensified, these expanded 
cells divide, often several times, without 
the subsequent enlargement of the 
daughter cells, which results in a greater 
number of cells per unit of tissue, and a 
lesser average cell volume, 
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During normal secondary development 
of the axis of tomato, the cortex is a per- 
sistent tissue which is retained during 
much of, if not the entire, life of the axis, 
although a cork cambium may be dif- 
ferentiated immediately beneath the epi- 
dermis in the older internodes and hypo- 
cotyl. The cylindrical continuity of the 
cortex is maintained, despite the necessity 
of greatly increasing its circumference dur- 
ing the secondary enlargement of the stele, 
by radial divisions of cortex cells and 
their subsequent expansion. Thus the 
number of cells in this tissue is constantly 
increasing so long as the axis continues to 
grow. By comparing the total number of 
cortex cells in a given unit of the hypo- 
cotyl of the control plants with the total 
number of such cells in a similar unit 
from each of the experimental series, a 
criterion is established for comparing the 
effects of a particular nutrient deficiency 
on the meristematic activity in this tissue. 
Table 3 presents data which compare 


TABLE 3—COMPARISON OF CELL 
DIVISION IN THE CORTEX OF FIFTY- 
TWO-DAY OLD HYPOCOTYLS 


SERIES CoLUMN COLUMN COLUMN 

2 
Controls 84-5 1,844 155,818 
| - Minus sulfur 87-6 972 85,147 
Minus calcium 65-4 939 61,006 
Minus nitrogen 38-4 1,456 55,810 
Minus potassium 45-9 1,100 50,490 
Minus phosphorus’ 101-8 2,032 2015935 
- Minus iron 140-1 1,040 145,704 


CoLuMmn 1: The average volume of cortex con- 
tained in one cubic centimeter of the hypocotyl, 
indicated in cubic millimeters. These figures 
were computed from the data presented in Table 
2 for area of the cortex, by treating the cortex 
as a cylinder of tissue in the axis. 

CotuMN 2: The average number of cells 
per cubic millimeter of cortex. Two hundred 
radial, transverse, and longitudinal measure- 
ments of individual cortex cells in each series of 
plants were made with an ocular micrometer at 
x 100 diameters magnification, and the average 
individual cell volume computed therefrom. 
From these data the average number of cortical 
cells per cubic millimeter of cortex was calculated. 

CoLumn 3: The average total number of cells 
in the cortex of a segment of the hypocotyl one 
centimeter long. The figure in column 1, 
multiplied by that in column 2, results in this 
average. 


eg 


319 


(1) the average volume of cortex in one 
cubic centimeter of the hypocotyl of fifty- 
two-day old plants from all seven series, 
(2) the average number of cells per cubic 
millimeter of cortex, and (3) the average 
total number of cells in the cortex of a 
segment of the hypocotyls one centimeter 
long. 

From a comparison of these data with 
the average cell volume presented in Fig. 2, 
it is seen that a deficiency of iron, sulfur, 
calcium, nitrogen, or potassium not only 
results in an increase in average volumes 
of individual cells, but in a decrease in the 
total number of cells per unit of cortex. 
Conversely, phosphorus deficiency pro- 
duced a proliferation of the cortical 
parenchyma. It should be mentioned 
that the ratio between an increase in cell 
volume and a decrease in total cell 
number is not constant between unlike 
deficiency series, For example, calcium 
deficiency resulted in the greatest in- 
dividual cell volume, whereas plants 
deficient in potassium had the smallest 
total number of cells in the cortex. 

Secondary growth in the axis of tomato 
is of an anomalous type, previously de- 
scribed in detail by the author ( Venning, 
1949). In brief, although the tomato 
axis is usually described as herbaceous, 
the stems quickly become woody along 
much of their length, and when allowed to 
continue their development under favor- 
able conditions, the plant has a woody 
perennial habit. Lignification begins in 
the secondary xylem, ic. the xylem 
formed between the primary vascular 
bundles, shortly after elongation, has ter- 
minated. The secondary xylem elements 
appear to be for the most part a modified 
type of wood prosenchyma which form a 
continuous xylem cylinder. This tissue 
is made up of tracheid-like cells with 
transverse ends and thick lignified walls 
which lack pits. The cytoplasm is re- 
tained, they have prominent nuclei, and 
apparently remain alive indefinitely. 
These cells divide radially, thus increasing 
the circumference of both the inner and 
outer xylem faces, despite the lignified 
wall, and act in this respect similarly to 
parenchymatous wood rays, which do not 
occur. Thus secondary increase in vas- 
cular tissue in tomato is from two sources, 
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the ‘ray growth’ as described above, as 
well as from initials cut off tangentially 
from the vascular cambium in the con- 
ventional manner. 

This dual method of increasing the 
vascular and mechanical tissues of the 
stele complicates the interpretation of 
data concerning growth and differentia- 
tion responses to controlled mineral 
nutrition. A comparison of ray growth 
and cambial growth in the series is pre- 
sented in Table 4. The relative amount 
of secondary ray growth was measured by 
determining the average number of rows 


of xylem cells facing the pith ( excluding 


the primary xylem in the protoxylem 
points). The control plants averaged 
406 such rows, which are given a value 
of 100 per cent for comparative purposes. 
Similarly, the amount of tangential cam- 
bial growth was ascertained by deter- 
mining the average number of secondary 
xylem cells lying along any given radius 
between the pith and the interfascicular 
cambium. The control plants averaged 
24-35 cells along such a radius, and this 
figure was also given a value of 100 per cent 
for comparison with the deficiency series. 

Curiously, it will be noted in Table 
4 that the lack of a particular mineral 
element affected secondary ray growth 
and cambial growth in tomatoes in a dif- 
ferent degree, and seemingly without 
correlation. All deficiency series show 
marked deviation from the control. In 


TABLE 4— A COMPARISON OF 
CAMBIAL GROWTH AND RAY GROWTH 
IN FIFTY-TWO-DAY OLD TOMATO 


HYPOCOTYLS 
SERIES RapIAL RATIO Rows oF RATIO 
ROWS OF % XYLEM Y5 
XYLEM INNER 
FACE 
Control 24°35 100 406 100 
Minus sulfur 15-60 64 538 133 
Minus cal- 9-55 39 354 87 
cium 
Minus nitro- 11:35 47 139 34 
gen 
Minus potas- 2-60 11 251 62 
slum 
Minus phos- 27:65 114 334 82 
phorus 
Minus iron 33-90 139 391 96 
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the series grown without sulfur, for 
example, there was an average of only 
64 per cent as much cambial growth as 
in the control plants, whereas ray growth 
was 33 per cent grealer than in the control, 
Qualitative data between a particular 
deficiency and the control will be pre- 
sented in detail. 


Sulfur Deficiency 


Sulfur deficiency in tomato results in 
a yellowish chlorosis in the foliage which 
develops along the veins of the lower 
leaves. The stems are relatively slender, 
woody, and show considerable capacity 
for elongation. Sulfur deficient plants 
are frequently reported as containing a 
high carbohydrate and nitrogen content 
( Nightingale et al., 1930). 

Internally, the hypocotyls showed simi- 
lar xylem differentiation to the control 
plants, The vascular cambium was clearly 
defined. Fewer secondary phloem ele- 
ments were differentiated. Sieve tubes 
and companion cells were found in the 
older regions of phloem. The medullary 
phloem was comparable in differentiation 
to that of the control, but the strands were 
slightly smaller in size. Radial growth in 
the stems, as described for the controls, 
was increased 33 per cent. 

Regularity of divisions within the cam- 
bium was influenced; longitudinal sections 
showed that certain areas of the cambium 
had been more active than others. The 
result was an irregular tangential de- 
position of secondary xylem and phloem, 
and variation in thickness of the xylem 
cylinder, Great expansion and vacuola- 
tion of the parenchymatous tissues, as 
illustrated by the cortex and shown in 
Table 3, was characteristic, and the 
great reduction in cell division and total 
number of cells in this tissue was obscured 
macroscopically by the large volume of the 
individual cells. The cells of the phloem, 
as well as those of the cortex, were cor- 
respondingly of greater length, breadth 
and thickness, with a larger volume than 
individual phloem cells of the control. 

It seems probable that the rélatively 
slender axes associated with sulfur defi- 
ciency are the result of fewer cell divisions 
in the vascular cambium and in the cortex; 
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this effect is partially minimized by an 
increase in radial divisions of the prosen- 
chymatous xylem rays, and greater vacuo- 
lation of the parenchymatous tissues. 
The higher concentration of carbohydrates 
associated with sulfur deficiency would be 
in accord with the reduced consumption 
of these materials because of fewer cellular 
divisions, and the relatively fewer cell 
walls present in a given volume of tissue. 
High nitrogen levels would be expected, 
other factors being equal, in cases of fewer 
cellular divisions and great vacuolation 
and lesser protoplasmic content within 
the tissues. Fewer functional phloem 
elements would also tend to “ pile up” 
carbohydrates and nitrates because of 
reduced facilities for translocation within 
the plant body. 

It would appear that sulfur is necessary 
for regulated cell division and the synthesis 
of protoplasm. The increased cell volume 
which is associated with this deficiency 
may be a compensating mechanism of the 
plant, which to a great extent permits 
more or less “ normal ’’ volumetric pro- 
portions of parenchymatous tissues within 
the axis, although these volumes are based 
on very different cellular units. 


Calcium Deficiency 


Retarded vegetative growth in the 
upper portions of the plant characterizes 
this deficiency. The terminal meristems 
are first affected, and die under conditions 


.of extreme deficiency. Elongation of the 


upper internodes and roots is restricted, 
and the upper foliage is chlorotic. Upper 
portions of the plant are weak, flabby and 
lacking in turgidity. There is little or no 
fruiting. 

In the hypocotyl, a relatively small 
amount of secondary xylem was formed 
(Table 2), and differentiation of xylem 
elements from the secondary xylem paren- 
chyma was irregular. The individual 
xylem elements were less elongated than 
those in the control, with reduced lignifica- 
tion of the walls. At fifty-two days after 
germination tangential divisions of the 
cambium had almost ceased, the cambial 
initials had become vacuolate, and could 
not always be distinguished from xylem 
and phloem parenchyma. 
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The phloem contained sieve tubes and 
companion cells in generous numbers, both 
in the external phloem and the medul- 
lary strands. No disintegration of tissues 
was apparent in the axis. The middle 
lamellae of more recently differentiated 
phloem were frequently observed to be 
composed of lignin, rather than of the 
metallic salts of pectic acids as is usually 
the case in parenchymatous tissues. 

The parenchyma of the phloem, cortex, 
and pith was generally thin-walled and the 
individual cells had become enormously 
expanded. The individual cortex cells 
had the largest volume of any series 
studied, almost twice as great as did those 
of the control ( Table 3 ). 

Radial divisions in the stems had not 
been retarded to nearly the degree affect- 
ing tangential cambial divisions. Calcium 
would seem necessary for cell division, 
and when a cambial initial exhausts its 
available supply, it ceases to divide. Since 
ray divisions can take place in cells along 
any radius within the stem, these divisions 
could take place for some time before all 
available calcium is exhausted within a 
particular row of cells. 

The general weakness of the plant body 
undoubtedly is caused by the relatively 
fewer cells in the parenchymatous tissues, 
their large size, and the thin cell walls. 
Death of the root meristems -and subse- 
quent loss of function of the root could 
account for the lack of turgidity in the 
plant body. The cessation of divisions of 
the cambium, as the available calcium 
becomes reduced in any one cell, and the 
accompanying loss of vascular initials, 
together with the decreased differentiation 
of functional xylem, would tend towards 
stunting as observed in the upper nodes. 


Nitrogen Deficiency 


General stunting, woodiness, small thin 
foliage with abundant anthocyanin in the 
veins, with slow growth and development 
are symptomatic of nitrogen deficiency. 
In Solanaceous plants such as tomato, 
the root system is proportionately less 
stunted than the tops. 

The hypocotyls and upper axes were 
of uniformly small diameter. Numerous 
tangential divisions of the cambium had 
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resulted in an appreciable quantity of 
well-differentiated xylem which resembled 
that of the control. There was less radial 
growth in these tissues than in any other 
series, which resulted in a small area of 
pith and a proportionate reduction in all 
other tissues. 

No secondary phloem initials were ini- 
tiated on the outer face of the vascular 
cambium; consequently these plants had 
no functional secondary phloem. The 
only functional phloem elements in the 
outer stele were located in the four small 
areas of primary phloem outside of the 
fascicular cambium opposite the proto- 
xylem points. In striking contrast to the 
lack of external phloem, medullary phloem 
in the pith was relatively well developed, 
with sieve tubes and companion cells. 
The complete absence of secondary.phloem 
in tomato stems totally deficient in nitro- 
gen is similar to, but more extreme than, 
the findings of Lyon and Garcia (1944A), 
who reported that a reduction in available 
nitrogen resulted in secondary phloem in 
the form of small packed parenchyma 
cells. Increasing the nitrogen resulted 
in a greater differentiation of phloem 
elements into sieve tubes and companion 
cells. These observations are not in 
accord with those of Watts (1938), who 
found that reduced nitrogen resulted in a 
high proportion of external phloem to 
xylem. Such differences in response as 
reported might be explained by assuming 
that tomato may give different anatomical 
responses to varying amounts of available 
nitrogen, rather than different degrees of 
the same response. 

As nitrogen is an important protein 
component, one would expect a reduction 
in meristematic activity in nitrogen defi- 
ciency, but it is difficult to understand 
its influence on the behaviour of the 
vascular cambium, and the lack of phloem 
initials, especially as xylem initials were 
produced from this source. The stunting 
of the tips could in part result from the 
failure to produce adequate functional 
external phloem. The phloem of the root 
is connected primarily with the medullary 
phloem in the hypocotyl and stem, and 
the lesser proportionate reduction in the 
root system of nitrogen-deficient tomatoes 
may be explained by the more adequate 


PHYTOMORPHOLOGY 


[July 


functional phloem supply to the root, and 
hence a better supply of carbohydrates and 
other organic substances to the root. 


Potassium Deficiency 


Plants suffering from potassium defi- 
ciency are slender, with dull ash-green 
foliage. Bronzing leaf margins and ne- 
crotic areas develop on the older foliage; 
these leaves subsequently wilt, die, and 
are abscissed. The younger portions of 
the plant are relatively unaffected, pre- 
sumably because of the ready transloca- 
tion of any available potassium to these 
regions, 

In the lower axis this deficiency was 
manifested by a failure to produce func- 
tional vascular tissue in any quantity. 
Secondary xylem was limited in dif- 
ferentiation, irregular in character, with 
only slightly lignified walls. Tangential 
divisions of the cambium were limited, 
and secondary xylem and phloem initials 
were slow to differentiate into their 
respective elements. Medullary phloem 
strands were small and contained few cells 
showing sieve fields, 

Although potassium deficiency greatly 
inhibited tangential cambial divisions and 
the differentiation of secondary vascular 
elements, radial growth was not affected 
to the same extent, which resulted in a 
much larger proportion of non-vascular 
to vascular elements in this series than in 
any of the others. These findings are 
similar to those of Lyon and Garcia 
( 1944B ), who describe a lesser develop- 
ment of cortex, phloem and xylem than 
in plants receiving optimum potassium 
treatment. They found the area of the 
pith depressed, but to a lesser extent, 
and some disintegration of the central 
pith cells. Nightingale et al. (1930) 
found the anatomy of tomato stems defi- 
cient in potassium ‘‘ apparently identical 
in every respect with that of a typical 
nitrogen-starved high carbohydrate tomato 
plant, as described by Kraus and Kraybill”, 
Watts (1938) reported a lack of potassium 
resulted in only slightly retarded growth. 

The inhibition of cellular division in the 
cambium, and the marked restriction in | 
the differentiation of the more complex 
vascular tissues in extreme potassium 
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deficiency results in serious structural 
failure within the plant body. The find- 
Ings reported here indicate that potassium 
is necessary for the differentiation of the 
more specialized tissues, such as phloem 
and xylem. This indication is particularly 
puzzling in that potassium has seldom 
been found as a component of organic 
compounds in the plant body, but rather 
as occurring as a free ion, principally con- 
centrated in the xylem. Its presence in 
the vascular tissue also seems to be corre- 
lated with the translocatory function of 
that tissue, for when potassium is removed 
from the lower leaves during subsequent 
development of the upper portions of the 
axis, wilting and discolouration quickly 
follow, and the death of the potassium- 
free leaf results. 


Phosphorus Deficiency 


Plants grown without phosphorus ap- 
proximate the size of the control plants, 
but have darker green foliage and an 
abundant amount of anthocyanin in the 
leaves and stems. The plants are woodier, 
and show less tendency towards tempo- 
rary wilting during high daytime tem- 
peratures than do the control. 

Sections of the hypocotyl showed a large 
area of well-differentiated thick-walled 


. xylem, the result of many tangential divi- 


sions of the xylem prosenchyma. This 
latter tissue showed a greater cytoplasmic 
content in the cells than did the control. 


_ The cambium was clearly defined, and the 


phloem and phloem parenchyma approxi- 
mated these tissues in the control. Medul- 
lary phloem strands were large and well 
differentiated. 

As was mentioned in the general ob- 
servations, the average volume of the 
cortical cells in this series was less than 
that of the control, due to divisions of 
these cells without subsequent enlarge- 
ment. Many divisions of the cortex cells 
were seen near the epidermis where a cork 
cambium was in the process of formation, 
and these areas showed a lack of organiza- 
tion in the establishment of the cork 
cambium, based on a lack of orientation of 
the-planes of cell division. Such evidence 
would suggest that phosphorus might have 
a regulatory role in cell division. 


In addition to the adequate differentia- 
tion of xylem elements, the stiffer, woodier 
character of plants suffering from phos- 
phorus deficiency could possibly be ac- 
counted for by the small size of the cells 
in the parenchymatous tissues, and the 
consequent greater quantity of cell wall 
materials present in a given volume of 
tissue. 


Iron Deficiency 


Lack of iron showed few visible effects 
on the plants of this series until about five 
weeks of age, after which time some 
chlorosis and dwarfing of new foliage was 
apparent. Few marked effects were no- 
ticed in the anatomy of the hypocotyl. 
The xylem was well differentiated, the 
phloem contained numerous sieve tubes 
and companion cells, and the medullary 
phloem strands were well differentiated. 
The cambium had undergone 39 per cent 
more tangential divisions than the control, 
and 96 per cent as much radial growth was 
computed. Cortex cells had slightly larger 
dimensions than those of the control. The 
total area of cross-sections of the hypo- 
cotyl was greater than that of the control, 
but the area of the pith was slightly 
smaller. It seems probable that the 
region of the axis examined received 
enough contaminate iron, either from 
dust in the atmosphere or carried over 
from iron in the seed, that the hypocotyls 
were affected only to the slight extent 
described. 


Discussion 


In experiments of this nature, where 
series of plants deficient in a macro- 
nutrient are compared with each other as 
well as with a control series, it is difficult 
for the experimenter to devise feeding 
techniques which may be considered 
comparable between the several series, 
excepting only the deficiency of a parti- 
cular element or elements. To prepare 
media deficient in a major mineral 
nutrient without substituting a similar 
but presumably non-essential ion in equal 
quantity, results in a disturbance of os- 
motic pressure and ionic unbalance which 
can attain a degree of complexity which 
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will render the effects of the deficiency 
difficult of interpretation. On the other 
hand, it should be pointed out that when 
chlorine and sodium ions serve as substi- 
tutes in the media, the possibility exists 
that differences in growth and develop- 
ment between series may in part result 
from an excess of these ions alone. A 
second possibility should not be over- 
looked: that differences in results could 
equally be the result of the action of some 
essential ion when not in combination 
with or properly “ antagonized’ by an- 
other essential ion. 

There is indication from the data ob- 
tained that under the conditions of the 
present experiment the influence of sodium 
and chlorine ions on growth and differen- 
tiation was relatively minor. For example, 
a comparison of the cambial divisions of 
plants lacking nitrogen and lacking phos- 
phorus, both of which received chlorine 
ions in substitution, shows the minus 
nitrogen series to have had only 49 per 
cent as much cambial activity as the 
control series, whereas the plants lacking 
phosphorus show 14 per cent more cambial 
activity than the control plants. Such 
differences would not be expected were 
chlorine ions the principal determining 
factors. A similar comparison is possible 
between the series lacking calcium and 
that lacking potassium, both of which 
received sodium ions in substitution. 
Cambial activity in the hypocotyls of the 
series lacking calcium was three and a half 
times greater than in the series lacking 
potassium, and of course a very different 
vegetative habit was observed. It, there- 
fore, also seems reasonable to largely 
disregard the possible influence of 
sodium ions in the cultural solutions on 
the differences observed in growth and 
structure. 

The second possibility suggested, that 
differences in results might well be caused 
by the action of some essential ion when 
not antagonized by another essential ion, 
is not so easily overcome and may well be 
the cause of some of the phenomena ob- 
served in the present experiment, but 
such influences will require further specific 
experimentation in order to determine if 
they exist under the conditions employed 
in the present study. 
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Summary 


Marglobe tomato seedlings were grown 
in seven hydroponic culture series under 
controlled conditions. One series re- 
ceived a complete nutrient solution and 
served as a control. The six other series 
were totally deficient in sulfur, calcium, 
nitrogen, potassium, phosphorus, and iron 
respectively. An equal number of sodium 
or chlorine ions were used to replace 
macro-nutrient ions omitted from the 
nutrient solutions in order to maintain 
solution ‘ balance ”’. All six of the defi- 
ciency series of plants ultimately displayed 
the typical visual “ deficiency symptoms ” 
foreach particular macro-nutrient omitted. 
After 45 days the hypocotyls were col- 
lected, fixed in FAA, dehydrated in a 
tertiary butyl alcohol series, and embedded 
in paraffin. Both transverse and longi- 
tudinal sections of the axis were made via 
the rotary microtome, stained, and mount- 
ed for microscopic study. 

Sulfur deficiency resulted in irregular 
divisions of the vascular cambium, a 
smaller amount of functional phloem, 
many fewer cells per unit volume of cortex 
and pith, but with the cells of the latter 
tissues greatly expanded and highly 
vacuolate. 

Calcium deficiency was manifested by 
reduced cambial activity which finally 
ceased altogether; and a small amount of 
secondary xylem which was irregularly 
differentiated. Parenchyma of the cortex 
and pith was highly vacuolate and the 
individual cells of these tissues had average 
volumes twice as great as those of the 
control plants. 

Nitrogen deficiency resulted in no 
secondary phloem initials being produced 
by the cambium although secondary xylem 
initials were produced in quantity, and the 
secondary xylem was well differentiated. 
Primary phloem was unaffected. 

Structural failure of the vascular tissue, 
which was markedly inhibited in quantity 
and differentiation, characterized potas- 
sium deficiency. 

Phosphorus deficiency had little effect 
on the cambium or differentiation of vas- 
cular tissues. Parenchymatous cells of 
cortex and pith, after initial expansion 
and vacuolation, were observed to have 
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subsequently undergone numerous divi- 
sions without subsequent expansion. The 
planes of division were seemingly without 
orientation in relation to other tissues in 
the axis. 

Iron deficiency showed such slight ana- 
tomical and morphological deviations from 
the control series that no serious ana- 
tomical differences were observed. 

The possible significance of anatomical 
deviations as observed and the visual 
deficiency symptoms associated with the 
lack of a particular ion is suggested. It 
was apparent that sodium and chlorine 
ions had little effect on tissue develop- 
ment under the conditions of this experi- 
ment, but that the effects as observed were 
most probably due to the lack of a partic- 
ular nutrient ion, or to the adverse 


effects of other essential ions when not 
suitably buffered or antagonized by other 
essential ions. 
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AND THEROPOGON (LILIACEAE) 
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Introduction 


Though much work has already been 
done on the subject of embryo sac deve- 
lopment in the Polygonatae ( Asparagoi- 
deae-Polygonatae ) and in the Conval- 
larinae ( Asparagoideae-Convallarieae-Con- 
vallarinae ), further and more detailed in- 
vestigations are desirable. In order to 
fill a few gaps the results of some ob- 
servations on the embryo sac development 
of the following plants are given in this 
paper: Smilacina trifolia Desf., Polygona- 
tum odoratum ( Mill.) Druce, P. multiflorum 
(L.) All., P. latifolium Desf., P. verticil- 
latum (L.) All. and Theropogon pallidus 


Maxim. 


Polygonatae 
Smilacina trifolia Desf. 


Buds and flowers were collected from 
plants cultivated in Hortus Bergianus, 
Stockholm. Carnoy’s solution ( C,H,OH, 
CH;COOH ) and Juel’s mixture ( ZnCl,, 
CH,COOH, C,H,OH ) were used as fixing 
fluids. I had the opportunity of investi- 
gating only a few flowers. 

The embryo sac development of this 
plant, which has not been investigated be- 
fore, follows the Drusa type. As a result of 
the two meiotic divisions four megaspores 


are formed with cell-membranes between 
them (Fig. 1). The walls break down and 
a four-nucleate embryo sac arises with 
one of the nuclei in the micropylar end 
and three in the chalazal end. The four 
nuclei divide after which two lie in the 


: upper part and six in the lower part of the 


embryo sac (Fig. 2). The last division 
results in a sac with sixteen nuclei. An 
embryo sac with a three-celled egg ap- 
paratus, two polar nuclei and eleven anti- 
podal cells has been observed ( Fig. 3). 
The antipodals degenerate rapidly ( Fig. 
4) but in some cases I saw a small and 
healthy-looking antipodal cell at the bot- 
tom of a not fully mature embryo sac. 


Polygonatum odoratum ( Mill.) Druce 


This species is common in South and 
Middle Sweden (Map 504, p. 127 in 
Hultén, 1950). Only material from wild 
plants has been used. It was collected 
in the neighbourhood of Södertälje and 
was fixed in Carnoy’s solution and Juel’s 
mixture. 

The development of the embryo sac of 
Convallaria polygonatum ( = Polygonatum 
odoratum ) was studied previously by the 
Swedish embryologist Jönsson ( 1879-80 ). 
His paper (l.c. p. 63; Tab. VIII, Figs. 14- 
17, reproduced here as Fig. 5a-d ) contains 
the following statement: “ In this plant 
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FıGs. 1-4 — Smilacina trifolia. Fig. 1. 


two polar nuclei and eleven antipodal cells. 


; Four megaspore cells in the nucellus. 
nucleate embryo sac in the 2+6-nucleate stage. 


Fig. 2. Eight- 
Fig. 3a, b. Embryo sac with egg apparatus, 


Fig. 4. Mature embryo sac with egg apparatus and 


secondary nucleus; antipodal cells degenerated and not visible. 


the subepidermal archesporial cell is 
easily recognized (Fig. 14) and appears 
almost triangular in a longitudinal section. 
After cutting off two parietal cells which 


Fic. 5a-d — Convallaria 
reproduction of Jönsson’s 
VIII, Figs. 14-17). Fig. 5a. The subepidermal 
archesporial cell in the nucellus. Fig. 5b. Two- 


polygonatum. <A 
drawings (Tab. 


nucleate embryo sac. Fig. 5c. Four-nucleate 
embryo sac. Fig. 5d. Mature embryo sac. 


again can divide by radial walls, the 
mother cell gives rise to three daughter 
cells. The nucleus of the lowest daughter 
cell undergoes the usual divisions ( Figs. 
15,16). The inner part of the nucellus 
is destroyed by the embryo sac which 
undergoes much lateral enlargement. The 
synergids and the egg cell are of approxi- 
mately the same length, however, the 
latter extends somewhat below the syner- 
gids. Each antipodai has one vacuole. 
The secondary nucleus usually lies in the 
vicinity of the antipodal apparatus, and 
is many times larger than the two moving 
(polar) nuclei (Fig. 17).” Mellink (1880) 
also studied the development of the em- 
bryo sac of Polygonatum vulgare (=P. 
odoratum, see Index Kewensis), but his 
paper was not available in the libraries in 
Stockholm and Uppsala. 
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Fics. 6-17 — Polygonatum odoratum. Fig. 6 Megaspore mother cell in the nucellus. Figs. 
. First divisi s. 9- 


Dyad cells in division. Figs. 12, 13. legasp tetrads. Figs. 14-16 After the second 
ivision the walls break down and two bi-nucleat dyad cells are formed; the lowest of them 
enlarges and is more vacuolated than the upper. = Upper dyad cell degenerating; lower 
enlarging. 


On the basis of Jénsson’s and Mellink’s cautiously about the development of the 
investigations the embryo sac of Poly- sac (Stenar, 1925, p. 162): “ Bei folgenden 
gonatum odoratum has been considered by Liliaceen wird angegeben, dass die Em- 
Schnarf (1929, p. 75) to follow the bryosackmutterzelle drei Tetradenzellen 


Polygonum type. I have expressed myself hervorbringt, aber der Embryosacktyp | 
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Fies. 18-22 — Polygonatum odoratum. Fig. 23. 
Fig. 19. Two-nucleate embryo sac in the nucellus. 
Fig. 21a, b. Eight-nucleate embryo sac showing polar nuclei lying 
The polar nuclei have been fused into a secondary nucleus; only two cells 


embryo sac in the ovule. 
nucleate embryo sac. 
juxtaposed. Fig. 22. 


are shown in the egg and the antipodal apparatus. 


diirfte sich noch fiir keine von ihnen mit 
Bestimmtheit angeben lassen: . . . Conval- 
laria polygonatum ( Jonsson, 1879-80 ).” 
My reinvestigation has proved that the 
embryo sac of Polygonatum odoratum de- 
velops according to a modified Allium 
( Scilla ) type in the same manner as that 
of Convallaria majalis (Stenar, 1941). 
It is not necessary to repeat this account, 
especially as a description of the female 
gametophyte of Convallaria majalis is also 
given in Maheshwari ( 1950, pp. 100-102 ). 


Figs. 19-23 
O1mm 


Two-nucleate 
Fig. 20. Four- 


P. multiflorum. Fig. 18. 


Fig. 23. Four megaspore cells in the nucellus. 


It will, therefore, be sufficient to refer to 
my Figs. 6-22 which show the develop- 
ment of the embryo sac of Polygonatum 
odoratum. The development differs in 
only one detail from that of Convallaria 
majalis. In Convallaria the micropylar 
dyad cell is at first the largest but gra- 
dually the chalazal dyad cell increases in 
size and plays the more dominant role. 
In Polygonatum, on the other hand, I 
never saw the upper dyad cell playing a 
dominant role, 
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Polygonatum multiflorum (L.) All. 


This plant is not rare in Svea- and Göta- 
land in Sweden (Map 503, p. 127 in Hultén, 
1950). My material was obtained from 
wild plants, growing in botanical gardens. 
Thirty years ago young flowers were fixed 
in Carnoy in the botanical garden at 
Uppsala but unfortunately the ovules 
did not contain stages older than four- 
nucleate embryo sacs. During the last 
few years many flowers were fixed from 
Hortus Bergianus, Stockholm. Prof. N. 
Sylvén made collections in beech forests 
in the south of Sweden (Skane). I 
collected some flowers in forest glades in 
the vicinity of Södertälje, where P. 
multiflorum grows wild. The material 
was fixed in Carnoy or Juel’s mixture. 

The development of the female gameto- 
phyte of this species corresponds with 
that of the related P. odoratum. I have 
observed parietal cells between the nucel- 
lar epidermis and the megaspore mother 
cell |( cf. Vesque, 1879, p. 319, PL 13; 
Fig. 21). After reduction division the 
latter produces four megaspores arranged 
either in a row, or more or less in the 
form of a T. Fig. 23 shows a rare and 
abnormal arrangement of the megaspores. 
In a few cases two megaspore mother cells 
were observed in the nucellus. The two 
upper megaspores are small and degene- 
rate rapidly. The wall between the two 
lower megaspores breaks down and a bi- 
nucleate embryo sac is formed which 
gives rise to the eight-nucleate embryo 
sac by two nuclear divisions. Thus the 
embryo sac development of P. multiflorum 
and P. odoratum follows the same modified 
Allium type. 


Polygonatum latifolium Desf. 


Buds and flowers were collected from 
plants cultivated in Hortus Bergianus. 
Carnoy’s solution and Juel’s mixture were 
used as fixing fluids. P. latifolium Desf. 
grows wild in the Balkans, Russia and 
Caucasus. 

The development of the embryo sac 
( Figs. 24-38 ) is identical with that of P. 
odoratum and P. multiflorum, thus follow- 
ing a modified Allium type. In most 
ovules the megaspores lie in a row or in the 
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form of a T in which the two upper cells 
lie side by side or diagonally. Sometimes 
the lower cells are also oriented similarly 
but such a type of arrangement of the 
four megaspores as shown in Fig. 32 is 
a rare occurrence. Often the two upper 
megaspores are smaller than the two 
lower ones and degenerate rapidly, per- 
haps before the wall between them breaks 
down. In one ovule I observed a chalazal 
dyad cell containing two nuclei in degene- 
ration, but the bi-nucleate micropylar 
dyad cell was not very large and showed 
no tendency to develop. 

Degeneration phenomena in Polygonatum 
odoratum, P. multiflorum and P. latifolium— 
After the embryo sac has reached the 
four-nucleate stage there is seen a more 
or less marked sluggishness in the constitu- 
tion of the mature embryo sac, sometimes 
in P. odoratum but more often in P. multi- 
florum and P. latifolium. Now and then 
the female gametophyte degenerates at 
a stage earlier than the four-nucleate 
embryo sac. Such a tendency is es- 
pecially noticeable in some ovules in the 
upper- and lowermost parts of the 
loculi. The number of seeds in the berry 
of P. odoratum and P. multiflorum is lower 
than that of ovules, particularly owing 
to the degeneration of the female gameto- 
phyte before fertilization. But even after 
fertilization some seeds containing endo- 
sperm get compressed and later degenerate. 
At the latitude of Stockholm it has on the 
whole been difficult to get fully developed 
flowers and mature embryo sacs in P. 
latifolium; most flowers freeze before 
anthesis. On examining a few opened 
flowers of P. latifolium I saw in some 
ovules a relatively large four-nucleate 
embryo sac but in the rest of the ovules 
only degenerated or mature sacs were 
seen. In some embryo sacs the cells of 
the egg apparatus were degenerated, while 
the secondary nucleus and the antipodals 
were quite normal. 


Polygonatum verticillatum (L.) All. 


This plant is found at many localities 
in the western part of Sweden ( Map 505, 
p. 127 in Hultén, 1950; Fries, 1949, Pl. 4). 
For my investigation I have used 
material taken mostly from wild plants, 
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Fig. 25. 


It was collected from several parts of 
Jämtland ( Koläsen in parish Kall, Med- 
_ stugan in parish Are, Helvetesbäcken in 
the vicinity of Ostersund, the capital in 
Jämtland ). Some buds and flowers were 


m. Fig. 24. Archespo 
M m 


rial cell separated from the nucellar 
egaspore mother cell. Fig. 26. First division 
us. Fig. 28. Second division of 


nuc : 
ore tetrads. Fig. 33. Wall separating the two 
egaspores degenerating. Fig. 34. Wall separating the two 

s formed and has increased in size. 


taken from plants cultivated in Hortus 
Bergianus, Stockholm. The plants grow- 
ing there were collected by Prof. N. 
Sylvén in beech forests in the south of 
Sweden (Skane). The material was 


Fics. 
Almost mature embryo sac bat the polar nuclei have not yet fused; only two of the cells of the 


36-38 — Polvgonatum  latifolium. 


egg apparatus are shown. 
its lower part. 


Fig. 38 


fixed in Carnoy’s solution, Juel’s mixture 
and Zenker ( HgCl,, Na,SO,, K,Cr,0, ). 

Krause (in Engler-Prantl, 1930, p. 369) 
divides the genus Polygonatum in 

A: mit abwechselnden Stengelblattern 

[ comprising among other species P. 
odoratum = P. officinale All. (P. 
anceps Monch), P. multiflorum and 
P. latifolium | 

B: mit meist gegenständigen Blattern 

[ comprising among other species P. 
verticillatum (L.) All.] 

Polygonatum verticillatum thus belongs 
to a different section of the genus from 
that described above. 

The embryo sac of Polygonatum verti- 
cillatum develops according to the Poly- 
gonum type. Usually the development is 
quite normal. After reduction division 
the megaspore mother cell gives rise to 
two dyad cells ( Figs. 42, 43), each of 
which soon divides so that four cells are 
formed ( Figs. 44, 45). The two upper 


Fig. 


36. Eight-nucleate embryo sac. 


Fig. 37. 


Mature embryo sac showing the large secondary nucleus in 


megaspores degenerate rapidly ( Figs. 
46-48 ), but the third usually persists for 
some time. In most cases it also gradually 
degenerates and is crushed by the lowest 
megaspore which functions and gives rise 
in the usual manner to an eight-nucleate 
embryo sac (Figs. 46-56). In a few 
ovules, however, the third megaspore was 
observed to reach the two-nucleate stage 
(Fig. 49). In one ovule the two lower 
megaspores, each containing two nuclei, 
were both of about the same size ( Fig. 50). 

In most ovules parietal cells were ob- 
served between the megaspore mother 
cell and the nucellar epidermis ( Figs. 
39, 40), but a few other ovules showed 
no parietal cells (Fig. 41). It was 
earlier observed that in the Polygonatae 
( Polygonatum commutatum, Smilacina am- 
plexicaulis, S. racemosa and S. stellata ) 
parietal cells may or may not be deve- 
loped in the ovule ( see Dahlgren, 1927, pp. 
383, 384). As a rule the nucellus of 
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Fics. 39-48 — Polygonatum verticillatum. Figs. 39, 40. Nucellus at the megaspore mother 
celi stage; parietal cells present. Fig. 41. Megaspore mother cell in prophase of Meiosis I; no 


parietal cells. Fig. 42. 


Fig. 43. 


First division of megaspore mother cell (metaphase stage) in the ovule, 
Two parietal cells over the dyad cells in the ovule; the picture gives the impression of a 


subepidermal linear megaspore tetrad but a careful investigation has convinced me that such an 


Figs. 44, 45. 


interpretation is wrong. 


Megaspore tetrads. 


Figs. 46-48. The two upper mega- 


spores usually degenerate rapidly, while the next lowest megaspore can often be seen for some time 


over the functioning chalazal megaspore. 


Polygonatum verticillatum contains a single 
megaspore mother ‘cell. In one ovule, 
_ however, I saw a tetrad and, below on one 
side of it, a megaspore mother cell with 
its nucleus in the prophase stage. 

Also in this species of Polygonatum I 
sometimes observed ovules with a de- 


generated gametophyte. Usually the 
ovary contains twelve ovules, four in each 
locule, but now and then I counted a 
lower number. In several ovaries six 
ovules were seen, two in each locule 
(cf. Gatin, 1920, p. 517, who counted six 
ovules in the ovary). The berry of P, 
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verticillatum is said to contain 6-10 or 8-10 
seeds ( Hooker, 1894, p. 322; Lagerberg, 
1937, p. 346). 

Convallarinae 


Theropogon pallidus Maxim. 


I am much obliged to Prof, P. Mahesh- 
wari who many years ago sent me young 


flowers in paraffin and also several slides 
of this species. The material was fixed in 
1930 from Mussoorie in West Himalayas. 

The subepidermal archesporial cell deve- 
lops directly into the megaspore mother 
cell ( Fig. 57). After reduction division 
it gives rise to two dyad cells ( Figs. 58, 
59). Each of them soon divides ( Fig. 60 ) 
and four cells are formed ( Fig. 61). The 
lowest of the four megaspores develops 


Fics. 49-56 — Polygonatum verticillatum. Fi 
the two-nucleate stage. 


the mature sac. Fig. 51. 
nucleate embryo sac. Fig. 53. 


gs. 49, 50. Sometimes the third megaspore reaches 
Figs. 51-56. Development from the two-nucleate embryo sac stage to 
Two-nucleate embryo sac with the nuclei in division. 


Fig. 52. Four- 


Four-nucleate embryo sac with the nuclei in anaphase stage. 


Fig. 54. Embryo sac with egg apparatus, two polar nuclei and ‘antipodal cells; only two of the 


cells of the egg apparatus are shown. Fig. 55. 


The polar nuclei lie, one beside the other, in the 


eight-nucleate embryo sac. Fig. 56a, b. The polar nuclei have fused to form a secondary nucleus, 


_ Fig. 60. 


(Figs. 62, 63). 


Fies. 57-65 — Theropogon pallidus. 
58. 


nucleate embryo sac. 
sac in nucellus. 


' (Figs. 62, 63) giving rise to the two- 


and four-nucleate sacs (Figs. 64, 65). 
The three upper megaspores degenerate 
Unfortunately the ma- 
terial contains no older stages than four- 
nucleate embryo sacs. However, it is 


. very likely that the embryo sac of Thero- 


pogon pallidus develops according to the 
Polygonum type. 


Discussion 


Schnarf ( 1929, p. 82 ) and other embryo- 
logists have drawn attention to the great 


_ variation in embryo sac development in 
the Polygonatae: “Sie bieten das Bild 


einer natürlichen Gruppe, welche im 


| Bergriff ist, von primitiveren zu abgelei- 
|. teten, und zwar im allgemeinen verkürz- 
- ten Wegen ontogenetischer Entwicklung 


überzugehen, wobei aber noch keine 
festgefügte Ordnung in dieser Entwick- 


Fig. 57. 
First division of the megaspore mother Ca in the ovule. 
Second division of megaspore mother cell. 
lowest megaspore has increased in size, the three upper megaspores degenerating. 
Fig. 64. Two-nucleate embryo sac. 


var 28 


Megaspore mother cell in the nucellus. Fig. 
Fig. 59. Dyad cells in the nucellus. 

Megaspore tetrad. Fig. 62. The 
Fig. 63. One- 
Four-nucleate embryo 


Fig. 61. 
Fig. 65. 


lung eingetreten ist.” My investigation 
has confirmed that the development of the 
embryo sac shows considerable variation 
in the Polygonatae and in the Conval- 
larinae. 

The Polygonum type is nowadays known 
in a small number of plants belonging to 
the tribes: 

POLYGONATAE —Polygonatum commuta- 

tum (McAllister, 1914) 

Poligonatum verticillatum 
CONVALLARINAE — Theropogon pallidus 

( very probable ) 

It should be noted that the Polygonum 
type has been reported in Polygonatum 
commutatum, but McAllister (1914) does 
not mention the author’s name for the 
investigated plant. His material was col- 
lected in Wisconsin (l.c. p. 137). Ac- 
cording to Gates (1917, p. 123) P. com- 
mutatum (J. A. & J. H. Schult.) Dietr. 
appears to be the most widely distributed 
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of all the species in North America: 
Georgia to Pennsylvania, Wisconsin, South 
Dakota and Oklahoma, probably ex- 
tending north into Canada. As synonyms 
he mentions among others P. multiflorum 
ß americanum Hook. | Fl. Bor. Am. 2: 176, 
1880 (in part.)] and P. latifolium var. 
commutatum Baker [ Linn. Journ. Soc. 14: 
555, 1875; cf. Ownbey 1944, pp. 401 a.f., 
Map 3, p. 404 (Distribution of Polygo- 
natum commutatum )). 

The embryo sac of Polygonatum verticil- 
latum develops according to the Polygonum 
type but in a few ovules the third mega- 
spore also grows and reaches the two- 
nucleate stage. 

A modified Allium type is observed 
both in the Polygonatae and the Con- 
vallarinae: 


POLYGONATAE — Streptopus roseus ( Mc- 
Allister, 1914, pp. 141, 142; cf. Sch- 
narf, 1914, p. 75) 

Polygonatum odoratum 

P. multiflorum 

P. latifolium 

Smilacina racemosa ( McAllister, 1913, 
pp. 645, 646) 

S. amplexicaulis (‘very probable ”, 
McAllister, 1913, p. 624; 1914, p. 140) 

CONVALLARINAE — Convallaria majalıs 
(Stenar, 1941, p. 126) 

Judging from the description and 
figures given by McAllister ( 1914, pp. 141, 
142; Figs. 30-37) it seems to me that 
the development of the embryo sac of 
Streptopus roseus is, as a rule, identical 
with that described by me in the three 
Polygonatum species mentioned above, but 
he says that in Streptopus roseus “a 
tendency is shown toward the formation 
of an embryo sac from each of the 
potential megaspores arising from the 
inner heterotypic daughter cell” (l.c., 
pp. 141, 142, cf. p. 148, Figs. 33, 34). 
The embryo sac of Smilacina racemosa 
and very probably also of S. amplexicaulis 
develops according to the modified Allium 
type like that of Streptopus roseus, Poly- 
gonatum odoratum, P. multiflorum and P. 
latifolium (McAllister, 1913, 1914; cf. 
Stenar, 1934, p. 15; 1941, p. 128), with 
the difference that in the Smilacina species 
mentioned the micropylar dyad cell de- 
velops to form the mature embryo sac. 
In Streptopus roseus, Polygonatum odo- 
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ratum, P. multiflorum and P. latifolium the 
chalazal dyad cell develops. 
Attention has been drawn above to the 
correspondence in embryo sac develop- 
ment of Polygonatum odoratum, P. multi- 
florum and P. latifolium in the Polygonatae 
and Convallaria majalis in the Conval- 
larinae. However, this should not be 
interpreted as a sign of especially close 
relationship between the genera. The 
differences in growth (Krause, 1930, 
p. 371), anatomy ( Zweigelt, 1913; Gatin, 
1920), biology of the flower ( Bonnier, 
1879, p. 36; Grassmann, 1884, p. 118; 
Gatin, 1920, pp. 515-517, 519; Pohl, 1941, 
pp. 87, 92) and several other characters 
between Solomon’s Seal and Lily of the 
Valley are considerable. It seems to be 
correct when modern taxonomists class 
Polygonatum and Convallaria in different 
tribes, the Polygonatae and the Convalla- 
rinae. The tribes are placed side by side 
(Krause, 1930) or near each other 
( Hutchinson, 1934). The occurrence of 
the same modified Allium type in the 
Polygonatae ( Streptopus, Polygonatum ) 
and the Convallarinae ( Convallaria ) is of 
interest, showing that the same type of 
embryo sac development has been reached 
in two branches, radiating in the vicinity 
of each other in the Asparagoideae. 
The Drusa type is observed in the fol- 
lowing Polygonatae: 
Smilacina stellata ( Eunus, 1950, pp. 272, 
273 ) 

Smilacina trifolia 

Maianthemum bifolium (Stenar, 1934, 
pp. 6, 17) 

Maianthemum canadense ( Swamy, 1949, 
122) 

Swamy (1949) has shown that the 
embryo sac of Maianthemum canadense, 
as a rule, follows the Drusa type but he has 
also observed a second type of develop- 
ment in this plant: “ In about 13 per cent 
of the ovules, during the division following 
the 2+6-nucleate stage, the chalazal 
spindles fuse in pairs so that the mature 
gametophyte comes to possess four hap- 
loid nuclei at the micropylar end and six 
diploid nuclei at the chalazal end. In 
view of the close inter-relationships exist- 
ing between the Drusa and Fritillaria 
types, it is suggested that this peculiar 
variation may be interpreted as a belated 
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tendency to switch over to the Fritillaria 
EN pe Ml C pr 22): 

The development of the embryo sac of 
Clintonia, a genus belonging to the Poly- 
gonatae, has repeatedly been studied 
(R. W. Smith, 1911; F. H. Smith, 1943; 
Walker, 1944). The investigations com- 
prise four species: C. borealis ( Ait.) Raf., 
C. umbellulata ( Minchx.) Morong, C. uni- 
flora ( Schult.) Kunth. and C. Andrewsiana 
Torr. The development of the gameto- 
phyte up to the mature embryo sac is 
now known satisfactorily but the inter- 
pretation of the embryo sac type has been 
discussed by many embryologists for a 
long time. It is sufficient to refer to 
Maheshwari’s (1946 and 1947) papers 
on the subject and the literature men- 
tioned there. I agree with him when he 
says: “ Now it seems best to regard the 
Clintonia embryo-sac as derived from the 
Fritillaria type owing to a continued 
tendency towards reduction ” (l.c., 1946, 
P97:1117:112.): 

Reinvestigations and more exhaustive 
studies on the development of the embryo 
sac in Polygonatum are much to be desired. 
This genus comprises many species with 
different chromosome numbers, for exam- 
ple, P. odoratum, P. multiflorum, P. com- 
mutatum ( giganteum ), and P. verticillatum 
(Ownbey, 1944, p. 379; Darlington & 


. Janaki Ammal, 1945, pp. 297, 298; Love 


& Love, 1948, p. 39). The development 
of the female gametophyte, especially of 
species with different chromosome num- 
bers in the genus, deserves to be in- 
vestigated. However, such tasks are not 
easy. The taxonomy of Polygonatum is 
very difficult (Farwell, 1915, p. 247; 
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Gates, 1917, p.117; Krause, 1930, p. 370 
in Engler-Prantl; Ownbey, 1944) and to 
reach a successful solution of many prob- 
lems in the genus it is necessary to have 
a team-work between taxonomists, cyto- 
logists and embryologists. 

I am greatly indebted to the Lars 
Hierta’s foundation in Stockholm for a 
grant given to me in 1951 for embryo- 
logical studies in the Liliiflorae. My 
thanks are also due to the directors of the 
Botanical Gardens in Uppsala and Stock- 
holm ( Hortus Bergianus ), from where I 
got research materials. 


Summary 


1. The embryo sac of Smilacina trifolia 
develops in the same manner as that of 
S. stellata, Matanthemum bifolium and M. 
canadense, viz. the Drusa type. 

2. The embryo sac of Polygonatum odo- 
vatum, P. multiflorum and P. latifolium 
develops according to a modified Allium 
type, corresponding with that of Sérepto- 
pus roseus (McAllister, 1914) and Con- 
vallaria majalis ( Stenar, 1941) (cf. also 
Smilacina racemosa and S. amplexicaulis, 
p336) 

3. The embryo sac of Polygonatum 
verticillatum follows the Polygonum type. 
In this species the next lowest megaspore 
sometimes reaches the two-nucleate stage. 

4. The observed stages of the female 
gametophyte of Theropogon pallidus 
indicate an embryo sac development ac- 
cording to the Polygonum type. 

5. A review is given of the embryo sac 
types in the Polygonatae and the Con- 
vallarinae. 
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Introduction 


In his memorable work on the ferns, 
Bower (1923, 1926, 1928) has demons- 
trated the great value of this class of 
plants for studies of phylogeny. It has 
more recently become apparent that the 
living members of this group are equally 
well suited to investigations of morpho- 
genesis. The relative structural simplicity 
of certain genera, the general absence of 
secondary thickening in the shoot, the 
considerable range in morphological devel- 
opment within the class, and, not least, 
the large size of the stem apex in many 
species, are all advantages in materials 
for experimental study. 

Within the Filicineae, the Osmundaceae 
have long been a centre of botanical inter- 
est, partly because of the intermediate 
positions which they seem to occupy 


_ between the eusporangiate and the lepto- 


sporangiate ferns (Bower, 1926), and 
partly because of their unusual structural 
features. In this investigation, growth 


and development have been studied in 


one member of the Osmundaceae, Osmunda 
cinnamomea L., a member selected because 
of its availability in the quantities neces- 
sary for experimental procedures. 

The aim of this study has been not 
only to describe the anatomical aspects 
of apical growth and development, but 
whenever possible to attempt to elucidate 
the causal influences that control the 
orderly formation of appendages, both 
leaves and roots, and their subsequent 
differentiation, all of which give to the 
plant its characteristic form. In this 


. first paper some aspects of the general 


morphology of the plant, including its 


- seasonal morphological changes, particu- 


1. Society of Fellows, Harvard University. 
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larly with regard to leaf production and 
development, will be presented. In sub- 
sequent reports it is intended to use this 
information as a background for more 
detailed anatomical, experimental, and 
physiological studies. 


Materials and Methods 


In this investigation only adult plants 
have been studied, a consideration of 
sporeling stages remaining for future 
work. The plant material was collected 
primarily in Hingham and in Belmont, 
Massachusetts, but some additional rhi- 
zomes were obtained from the vicinity 
of Exeter, New Hampshire. Plants were 
dug at frequent intervals throughout the 
growing season to facilitate a recognition 
of seasonal changes in morphological and 
anatomical features. In addition to 
plants studied directly from the field, a 
large number of rhizomes were gathered 
during the period of dormancy, stored 
in a cold room at 4°-5°C., and subsequently 
forced in a greenhouse, from which they 
were used as needed. 

Some of the plants collected on each 
occasion were dissected in the fresh condi- 
tion for morphological study, particularly 
of leaf development. Where a more 
detailed examination of certain leaves 
was required, these were preserved in 
formal-acetic-alcohol fixative and, when 
needed, washed with 50 per cent ethyl 
alcohol, dehydrated in an ethyl alcohol- 
n-butyl alcohol series (Pratt & Wet- 
more, 1951), embedded in rubberized 
paraffin and sectioned at 10 to 15 a. The 
sections were stained in Heidenhain’s iron- 
alum haematoxylin, with a safranin 
counter-stain. 
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Description of the Plant 
and Its Seasonal Changes 


Osmunda cinnamomea L., one of the 
nine species of the cosmopolitan genus 
Osmunda, occurs in eastern Asia and 
North, Central and South America. It 
is a common species in eastern North 
America, often occurring in large groups 
in swamps, open moist woods, and occa- 
sionally in drier, more exposed locations, 
but it is absent from western North 
America. The fronds are dimorphic, the 
fertile and sterile leaves arising in a tight 
crown (Fig. 1) at the apex of the short, 
stout, perennial, creeping rhizome, which 
commonly attains a diameter of 3-5 cm. 
or more ( Fig. 2). The rhizome itself is 
usually less than a centimeter in diameter, 
but this is heavily invested with persis- 
tent sclerotic leaf bases, and with black, 
hard roots which arise in relation to the 
leaf bases. The rhizome forks or dicho- 
tomizes occasionally. 

The sterile fronds or leaves, which may 
be up to 1-5 m. in height, are oblong- 
lanceolate, pinnate, the lanceolate pinnae 
divided into oblong, obtuse lobes. The 


Fic. 1— A plant of Osmunda cinnamomea 
growing under natural conditions ( photograph 
by J. B. Paxson ). 


fertile leaves are somewhat shorter and 
narrower than the sterile leaves, and are 
twice-pinnate with numerous cinnamon- 
coloured sporangia borne laterally on 
reduced pinnae. Fertile tronds appear 
slightly before the sterile fronds in the 
spring and seem to stand in the centre of 
the crown. In point of fact, they arise 
at the outside of the whorl, their seem- 
ingly central position resulting from the 
fact that they stand erect whereas the 
sterile fronds are somewhat re-curved 
(see Fig. 1). 

At the tip of the rhizome of the cinna- 
mon fern, inside the expanded fronds of 
any given season, there is a tight cluster 
of undeveloped leaves surrounding the 
shoot apex. This cluster of leaves and 
the stem apex inside it constitutes an 
apical or terminal bud. The composition 
of the apical bud varies during the year, 
but manifests its most complete develop- 
ment and differentiation at the end of 
the growing season and during the period 
of dormancy. If an apical bud is examin- 
ed when in this condition ( Figs. 3, 4), the 
following structures will be observed: 

(1) At the outside a group of cataphylls 
or bud scales ( from 5 to 20 in number ), 
in which crozier development has been 
retarded and in some of which, parti- 
cularly the inner ones, a wide-flaring 
margin has been formed on the leaf base 
which greatly exceeds that of the normal 
foliage fronds and which aids in envelop- 
ing the leaves inside ( Fig. 5). 

(2) Next in sequence is a group of leaves 
with large and well-developed, but un- 
expanded croziers, the fertile and sterile 
fronds which will expand above ground 
during the next growing season. Fronds 
usually number between 3 and 12, of 
which 1 to 3, or even 4, may be fertile. 
In any given year, many plants do not 
produce any fertile fronds at all. 

(3) Inside these prospective fronds, 
but with no sharp morphological break 
such as is found between cataphylls and 
fronds, a series of progressively less devel- 
oped leaves down to the youngest pri- 
mordia at the shoot apex. 

Taking all of the leaves of the apical 
bud together, if the expanded fronds of 
the growing season just past plus the set 
of cataphylls which stood outside them 


Fics. 2-5 — Fig, 2. Partially trimmed rhizome of O. cinnamomea. The bases of the fronds of the current season 
project at the apical end, and the apical bud stands inside them. x 3. Fig. 3. An apical bud of O. cinnamomea at 
the end of the growing season, split longitudinally. Fig. 4, Apical buds, at the end of the growing season, in three 
stages of dissection; top: the frond bases of season just completed have been removed, cataphylls surround the bud; 
centre: the cataphylls have been removed, the fronds of the next season stand at the outside; bottom; the next 
season’s fronds and a number of additional leayes have been removed. x # Fig, Cataphylls from an apical bud 
at the end.of the growing season, These are cataphylls 3, 8 and 11 from a series of 13. x 14 
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are considered as one annual set of leaves, 
there are present in the apical bud at 
this time roughly enough leaves for four 
succeeding growing seasons. This number 
usually totals between 60 and 80, and 
constitutes what may be termed a reser- 
voir of leaves from the outside of which, 
each year, one set is utilized, and at the 
inside of which, at the shoot apex, a new 
set is added. 

The rhizome of the cinnamon fern 
undergoes almost no internodal elonga- 
tion, so that the bases of the expanded 
leaves, as well as those of the leaves of 
the terminal bud, are practically in con- 
tact. This results in the densely crowded 
investiture of leaf-bases on the rhizome 
which is characteristic of the species. 
This pattern of growth is suggestive of 
the short-shoot habit found in certain 
gymnosperms and angiosperms. 

An annual cycle of seasonal morpho- 
logical changes characterizes Osmunda 
cinnamomea. The description of these 
changes is based on observations of plants 
growing under natural conditions in the 
vicinity of Boston, Massachusetts. The 
dates given can be only approximate 
since there is a variation from year to 
year of as much as two weeks. The first 
indication of renewed activity in the 
spring is a swelling of the apical bud; 
this ordinarily occurs during the latter 
half of April, though it may take place 
before that in an early season. Between 
the 25th of April and the Ist of May, in 
an average year, the clasping cataphylls 
are forced apart by the enlargement of 
the leaves inside them, and these leaves 
begin to uncoil and elongate. If any 
fertile leaves are present, these appear 
first, and are soon followed by the sterile 
foliage leaves. 

Usually after the 20th of May, the 
fertile leaves complete their expansion 
and begin to shed their spores, while the 
sterile fronds are still expanding. As 
soon as the fertile leaves have finished 
shedding their spores, they wither and 
collapse. By this time, the sterile leaves 
have completed their expansion. 

There is very little change in the ex- 
ternal appearance of the plants through- 
out the remainder of the summer and until 
late September or early October when 
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the leaves wither and die, the plants then 
being dormant. During the latter part 
of the summer the enlarged winter bud 
becomes conspicuous in the centre of the 
cluster of foliage leaves. It is not clear 
whether the dormancy is physiological 
or merely a reflection of the seasonal 
changes. 


Differentiation in the Apical Bud 


During the period of leaf expansion in 
the spring, one yearly set of leaves — 
the fertile and sterile fronds which came 
above ground and the set of cataphylls 
which stand outside them — may be said 
to be removed from the reservoir of the 
apical bud. The three yearly sets remain- 
ing in the bud form a sequence of leaves 
of progressively less development down 
to the youngest primordium. During 
the growing season a new set of cataphylls 
and fronds will be differentiated at the 
outside of the bud. 

In order to describe the process of 
cataphyll and frond development during 
the growing season it is necessary to know 
approximately which of the leaves of the 
apical bud will become so differentiated 
during that period. The number of 
cataphylls and the number of fronds of 
the last yearly set has been found to give 
a reasonable approximation of the number 
of leaves which will be similarly differen- 
tiated during the current season. There 
is a certain degree of variation in cata- 
phyll and frond numbers from year to 
year, but this is seldom great enough to 
invalidate the use of these numbers to 
determine prospective cataphylls and 
prospective fronds in the apical bud. 
For example, in 78 cases in which cata- 
phyll numbers on the same plants were 
compared in two successive years, the 
average difference was only 2-06; and in 
151 cases in which frond numbers were 
compared the average difference was 
1:30. Although certain definite trends 
may be discerned throughout a given 
area in the year-to-year variations of 
frond and cataphyll number, the factors, 
environmental or otherwise, controlling 
these variations are as yet obscure. 

In late April, during the expansion of 
the current year’s fronds, there are no 
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interruptions in the sequence of leaves of 
decreasing size and degree of development 
in the outer region of the apical bud, from 
the outermost with 24 to 23 turns 
present in the well-developed crozier to 
scarcely visible primordia at the shoot 
apex (Fig. 6). All of the prospective 
cataphylls and fronds of the next yearly 
set are undergoing active development 
as evidenced by the occurrence of numer- 
ous cell division figures in microtome 
sections. In most cases, none of these 
leaves begins to uncoil, but occasionally 
one or more of the outermost may do so, 
even as late as the latter part of June. 

Throughout May, and even to early 
June, no important changes are apparent 
in the outside set of leaves of the apical 
bud. By the middle of June, however, 
the outer prospective cataphylls become 
inactive, showing no evidence of cell 
divisions either in the leaf apex or in the 
pinnae. Their apical growth is com- 
pleted, and any further changes involve 
other processes. The inner prospective 
cataphylls are still growing; but a line 
of demarcation between prospective cata- 
phylls and prospective fronds may be 
observed. Within this line there is a 
distinct increase in crozier size and degree 
of development indicating that growth 
has been more active in the young fronds 
than in the young cataphylls. At this 
time the demarcation between cataphylls 
and fronds is not obvious in external 
examination but it is quite clear in longi- 
tudinal sections of the leaves. 

By early July, the break in sequence 
between prospective cataphylls and pros- 
pective fronds is apparent even to external 
observation. The inner members of the 
cataphyll series, however, still give evi- 
dence of growth activity in the form of 
division figures, although there is certainly 
less activity than in the developing cro- 
ziers of the prospective fronds ( Fig. 8). 
Examination at the end of July shows 
that all growth activity has ceased in 
the croziers of the cataphyll series at this 
time. The croziers of the prospective 
fronds, on the other hand, continue active 
development throughout the summer 
until the plants become dormant. At the 
end of the growing season they are ready 
to begin. the uncoiling process in the 
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spring with approximately 3 turns pre- 
sent in the crozier and all, or most, of the 
pinnae present at least in rudimentary 
form ( Fig. 7). 

In many of the cataphylls, following 
the cessation of growth in the crozier, the 
tissues of the crozier and the upper portion 
of the rachis below it become necrotic 
and brittle. The necrosis appears first 
in the outermost cataphylls in the early 
part of July and gradually progresses in- 
wards through the cataphyll series until, 
by the end of the season, often only 
the innermost 2 or 3 remain intact ( Figs. 
5, 7). There is a decrease in the extent 
of crozier development as one proceeds 
inwards through the cataphyll series 
indicating in each leaf the stage reached 
at the time of final and complete cessation 
of growth. While the outermost, as 
described above, may have 24 to 22 turns 
in the crozier, largely the result of dev- 
elopment during the previous season, the 
innermost usually have only two-thirds of 
a turn, or less, with few or no pinnae 
formed. Although growth in the crozier is 
retarded, and ultimately stops completely, 
broad, thin flaring margins develop on 
the upper portion of the leaf base, below 
the crozier, in all but the outermost 3 or 
4 members of the series. These margins 
become very extensive in the inner cata- 
phylls (Fig. 5), collectively enveloping 
the apical bud. 

The retardation of crozier development, 
which is the main feature of cataphyll 
formation, appears to result from the 
operation of some sort of inhibition upon 
these leaves. The morphological effects 
of this inhibitory influence can first be 
observed early in June, but they do not 
reach their full expression until late in 
July, at which time all growth in the 
croziers of the cataphylls has ceased. 
The inhibition appears to progress in- 
wards through the cataphylls series, but 
terminates abruptly at the end of the 
series, the next leaf in the phyllotactic 
sequence developing as a fertile or sterile 
frond. The inhibition is confined to 
apical growth and the formation of pinnae 
in the croziers, while lateral growth of 
the margins of the leaf base is much more 
extensive in the cataphylls than in the 
fronds. 


) Jo Mow 
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_ Fic. 8 — Longitudinal sections of croziers of (a) the last leaf of the prospective cataphyll 
series and (b) the first leaf of the prospective frond series of the outermost set of leaves of an apical 


bud of O. cinnamomea in early July. x 20. 


Experimental Study of 
Cataphyll Formation 


Some preliminary experiments dealing 
with the nature and source of cataphyll 
inhibition have been carried out. Recent 
work ( Goodwin, 1937; Ashby, 1948) has 
indicated that the development of young 
leaves in angiosperms is, in some cases 
at least, under the control of, or is limited 
by, adjacent older leaves. It seemed 
possible, therefore, that the inhibiting 
influence which causes the retardation of 
crozier development in prospective cata- 
phylls might emanate from, or at least 


be associated with, the older leaves, that 
is, the fertile and sterile fronds of the 
current year. 

This hypothesis was tested on a number 
of plants growing under natural condi- 
tions. All of the fronds of these plants 
were cut off at ground level as they came 
above ground in the spring, and any new 
leaves which later appeared were likewise 
removed, always before they reached 
maturity. The total number of leaves 
appearing was recorded, and eventually 
some of the plants were dissected to 
determine the effect of this treatment 
upon the inner or younger leaves. 


<——— 


Eis. 6-7 — Fig. 6. 


row are the bases of the previous season’s fronds. 
Leaves 1-3 of the lower row are the uncoiling fronds of the current season. 
by an uninterrupted sequence of leaves of decreasing size. 
removed, 25 primordia still surround the shoot apex at the right. x à. 
Leaves 1-8 of the first row are cataphylls of the 
Leaves 9-13 are the bases of the fronds of the season just completed, and the 


apical bud at the end of the growing season. 
previous season. 


leaves of the second row are the cataphylls differentiated during that season. 


A dissected bud of O. cinnamomea in late April. 


Leaves 1-3 in the upper 
Leaves 4-13 in the upper row are cataphylls. 
These are followed 
In addition to the 12 which have been 
Fig. 7. A dissected 


The third row 


contains a number of additional leaves, beginning with the fronds of the next growing season. 
44 primordia still remain around the apex at the right. x 3. - 
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TABLE 1— THE EFFECT OF SUCGESSIVE FROND REMOVAL ON PLANTS 
GROWING IN NATURE 


PLANT ORIGINAL NUMBER OF FRONDS REMOVED TOTAL INCREASEt Repuction} 
NUMBER = bee - OVER OF 
2nd 3rd 4th ORIGINAL  CATAPHYLL 
rem. rem. rem. NUMBER 
1 Besen Best 2 st 0 12 7 5 
2 4 st 4 st 0 0 10 4 1 
2 fey 
3 SUSE 5 st Bush 0 13 8 5 
+ 6 st 6 st 2 st 0 16 8 5 
2 fe 
5 5 st 4 st 2:56 0 11 6 — 
6 So St 5 st 3 st 0 13 8 == 
7 6 st 6 st Best Sau 19 12 6 
1 fe 
8 7 st 6 st 3) Gi 1 st 17 10 5 


*st = sterile frond; +fe 


— fertile frond; + that is, the number of fronds forced by cutting; 


+ reduction from the number in the previous set of cataphylls. 


The experiments recorded in Table 1 
show that removal of the current year’s 
fronds, while they are developing, caused 
the expansion of some of the leaves in 
the outer regions of the apical bud, the 
prospective cataphylls. All of these 
developed as sterile fronds. Plants 1-4 
were studied in 1949, plants 5-8 in 1950. 
Although successive removal of leaves as 
they appeared caused more leaves to 
appear for a time, ultimately a point was 
reached beyond which no further leaves 
could be forced. In 1949 this came near 
the middle of June, but in 1950 it came 
well into July. Plants 1, 2, 3, 4, 7 and 
8 were dissected following the experiment. 
These dissections showed that in every 
case a set of cataphylls developed and 
that, although the number was fewer 
than that of the preceding set, the reduc- 
tion in number did not, as is shown in 
Table 1, compensate for the increase in 
foliage fronds which appeared. The expec- 
ted number of cataphylls was determined, 
as previously explained, by counting the 
number of cataphylls of the previous 
set; and, consequently, this conclusion 
is subject to limitations. However, 
the year-to-year variation in cataphyll 
number would not be expected to be 
large enough to explain the consistent 
differences observed here. It is suggest- 
ed, therefore, that the entire sequence 
has moved forward so that some leaves 
which would normally have become fronds 


were retarded in their growth, becoming 
cataphylls. There is also some morpho- 
logical evidence for a forward shift in the 
leaf sequence, in the occurrence in several 
cases, at the inside of the cataphyll series, 
of retarded leaves with larger croziers 
and without the typically flaring margin, 
suggesting that their development had 
been stopped later than that of the rest 
of the cataphylls. 

In a later experiment, carried out in 
the greenhouse where the plants could 
be examined daily instead of at fort- 
nightly intervals, successive leaves were 
removed as soon as they appeared above 
ground and before active expansion had 
begun. The results of this experiment 
are shown in Table 2. A comparison 


TABLE 2— THE EFFECT OF 
SUCCESSIVE FROND REMOVAL ON 
PLANTS GROWING IN THE 


GREENHOUSE 
PLANT NUMBER OF FRONDS REDUCTION 
No. REMOVED OF 
— — — CATAPHYLL 
Original Additional Total NUMBER 
FROM 
EXPECTED 
1 3 11 14 A 
2 3 8 11 4 
3 6 7 23 9 
4 3 7 10 2? 
= 5 13 18 8 
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with the figures in Table 1 shows that, 
relative to the number of original fronds, 
the number forced by removal at a very 
early stage is much greater. As in the 
previous case, the reduction in cataphyll 
number from the expected does not com- 
pensate for the increase in leaf utilization. 
In fact the evidence for a forward shift 
in the entire leaf sequence is stronger here 
than in the previous experiment. One 
plant of this series (not shown in the 
table ) was dissected eight days after the 
removal of the last frond. In this plant 
there were 3 original fronds, and 10 addi- 
tional leaves had been forced. Although 
the dissection was made on August 4th, 
at a time when one might expect distinct 
cataphylls to be present, none was found. 
When the remaining plants were dissected 
three months later, in each case several 
distinctive cataphylls were present. Al- 
though the number of plants studied is 
not sufficient to permit a final conclusion, 
it would appear that the cataphylls are 
capable of developing in the absence of 
any expanding or mature fronds on the 
plant. 

A third experiment, performed on plants 
growing in nature, was designed to deter- 
mine the effect of removing fewer than 
the total number of the current year’s 
fronds. The results of this experiment 
are shown in Table 3. It may be seen 
from these data that, if all the leaves are 
removed, the new leaves approximately 
replace in number those which have been 


TABLE 3 — THE EFFECT OF PARTIAL 
FROND REMOVAL ON PLANTS 
GROWING IN NATURE 
NUMBER OF 


NUMBER OF NUMBER OF 


ORIGINAL LEAVES NEW 
LEAVES REMOVED LEAVES 
Se Sas 7 st, 3 fe 10 st 
7 st, 3 fe FIST Te 9 st 
Us AG 4 st, 2 fe 6st 
IST 2e 4 st, 2 fe 6 st 
8 st, 1 fe 4 st, 1 fe 4 st 
Jest; 1 fe 4'st, 1 fe 5 st 
7 st, 1 fe B1Sted) te 2 st 
5 st Syst 3 st 
5 st 21ST DaASt 
4 st, 1 fe DST 1 Fe 4 st 


st = sterile frond; fe = fertile frond. 
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cut off. This is illustrated too in Table 1, 
showing the response to the first cutting. 
It is clear also that, if fewer than all are 
cut, the number of new leaves approxi- 
mately replaces those which have been 
cut. It may be noted in passing that 
this provides an excellent mechanism 
whereby, if any or all of the fronds of the 
current year are destroyed, the photo- 
synthetic tissue of the plant is approxi- 
mately replaced. 


In another series of experiments in two 
successive years it was shown that even 
if the cutting of the original set of fronds 
was delayed until the first week of July, 
under natural conditions, it was still 
possible to force some of the prospective 
cataphylls to develop as fronds. In such 
cases, however, the new leaves which 
appeared were not next in sequence, and 
2 or 3 cataphylls intervened between the 
original fronds and the new fronds. This 
agrees well with the previously recorded 
observations concerning the progressive 
inward movement of complete cataphyll 
retardation. Moreover, after the middle 
of June the number of new fronds which 
appeared was considerably less than would 
have been expected earlier in the season, 
on the basis of the previous experiments. 
Although the removal of the fronds of the 
current year as late as July 15th had 
produced no visible response, in one 
particular area in which, during the week 
of July 22-29, in 1951, all of the vege- 
tation, including the cinnamon ferns, was 
moved down to ground level, a number 
of the cinnamon ferns responded to this 
drastic treatment by the production of 
several new fronds. Subsequent dissec- 
tion showed that these, as might have 
been expected, developed near or at the 
inner end of the cataphyll sequence. At 
about the same time in the following year 
an attempt was made to reproduce these 
conditions on a small scale, but the ex- 
periment was unsuccessful. 

These preliminary experiments would 
seem to indicate that the retardation of 
crozier development, which is the chief 
feature of cataphyll development, is 
closely associated with the fronds of the 
current year. However, since a set of 
cataphylls forms even when all fronds 
are repeatedly removed, and since, even 
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after frond removal alone fails to force 
prospective cataphylls to expand, a more 
drastic treatment is able to do this, it is 
unlikely that the retardation is simply 
an inhibition of the outer leaves of the 
apical bud by the fronds of the current 
year. A more detailed investigation of 
casual factors involved in this retardation 
and a detailed study of cataphyll develop- 
ment are now in progress?. 

In view of Goodwin’s ( 1937 ) work on 
Solidago in which the inhibiting influence 
of older leaves upon younger leaves was 
shown to be an auxin effect, and the 
similar results of Albaum ( 1938 ) in spore- 
lings of Pteris longifolia, it seemed ad- 
visable to investigate the possibility of 
such a mechanism in Osmunda. This 
seemed particularly important since a 
series of studies which will be reported 
at a later time had shown that expanding 
fronds of this fern produce considerable 
quantities of excess auxin. In a series 
of plants grown in the greenhouse, the 
fronds were cut off when approximately 
one-half uncoiled, a 6 cm. stub being left 
in each case. The cut end of the leaf 
base was covered with lanolin, and to 
each leaf base a ring of 0-5 per cent 
naphthalene acetic acid in lanolin was 
applied 2 to 3 cm. below the cut sur- 
face. In this way the growth substance 
entered the leaf tissue through the intact 
epidermis, rather than through the cut 
surface, where it would have been ex- 
posed to a cut-surface auxin-inactivating 
system which is known to exist in this 
plant ( Steeves, Morel & Wetmore, 1953 ). 
In the controls, plain lanolın was applied 
instead of the growth substance mixture. 
The expansion of new fronds was essen- 
tially equal in the controls and in the 
plants treated with growth substance. 
This would suggest, although it does not 
prove it conclusively, that the retarda- 
tion of cataphyll development is not 
primarily an auxin phenomenon. This 
view is also supported by the fact that 
the removal of completely mature fronds, 
which have ceased to produce significant 
quantities of auxin, as late as the first 


2. It is interesting to note that several speci- 
mens of Osmunda cinnamomea L. var. imbricata 
(Kunze) Milde collected in Honduras, when 
dissected, showed no evidence of cataphylls. 
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week of July, is still followed by the ex- 
pansion of additional fronds, 


The Periodicity of Leaf Production 


In the description of the apical bud 
of Osmunda cinnamomea it was pointed 
out that the aggregation of leaves con- 
tained in the bud is best considered as 
constituting a reservoir. Each year a 
group of leaves at the outside of the bud 
is differentiated as the cataphylls and 
fronds of the next season. Immediately 
after leaf expansion in the spring, there 
are sufficient leaves in the apical bud, 
inside those which have just expanded, 
to equal 3 additional yearly sets. At 
the end of the growing season there are 
4 such sets of leaves present, indicating, 
as might be expected,, that during the 
growing season a new set of leaves has 
been added to the reservoir at the shoot 
apex. 

It became a matter of interest to dis- 
cover whether leaf production continues 
throughout the growing season, or whether 
it is restricted to a certain period of apical 
activity. To determine this the number 
of yearly sets of leaves present in the bud 
was counted at fortnightly intervals in 
plants of O. cinnamomea growing in nature. 
This analysis was carried out in 4 succes- 
sive years and the results for the years 
1951 and 1952 are recorded in Table 4. 
The figures representing the number of 
yearly sets were obtained in each case 
by dividing the total number of leaves 
present in the bud by the number of 
leaves in the last yearly set of cataphylls 
and fronds. 

This method of determination is subject 
to the limitations imposed by the year- 
to-year variations in the number of leaves 
utilized, which has already been consider- 
ed, and to similar variations in number 
of leaves produced, about which no in- 
formation is available. Nonetheless, it is 
clear that in both of the seasons covered 
by Table 4 the number of sets of leaves 
does not rise during the early part of the 
growing season, but remains near to 
3. Sometime near mid-June, the num- 
ber begins to rise, and by mid-July has 
reached approximately 4, at which level 
it remains throughout the rest of the grow- 
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TABLE 4 — THE PERIODICITY OF 
LEAF PRODUCTION 


DATE NUMBER OF NUMBER OF 
YEARLY SETS SPECIMENS 
STUDIED 

1951 

May 30 3-0 4 
June 3 2-7 3 
June 17 Se 7 
July 1 3-4 6 
July 16 3-9 9 
July 29 4-2 4 
August 17 3-8 5 
September 3 329 4 
September 23 3-8 5 
1952 

May 4 3-3 3 
May 24 BA 6 
June 10 . 29 4 
June 30 325 4 
July 8 37 5 
July 22 3-9 5 
August 4 4-1 5 
September 3 3 6 


ESF 


ing season, A similar pattern was found 
for two other seasons during which in- 
vestigation was carried out. 

It seems apparent, therefore, that the 
bulk of the yearly production of new leaf 
primordia at the shoot apex takes place 
during a period of about a month from 
mid-June to mid-July. This does not 


|" mean that there is no leaf formation 


before or after this period; but it does 
suggest that this period is the time of 
most active leaf production. The method 
of determination is not precise enough to 
detect slow production early or late in 
the season; but, since direct observation 
is obviously impossible, no more accurate 
method has been conceived. 


Discussion 


Perhaps the most striking morpho- 
logical feature of Osmunda cinnamomea is 
its essentially complete lack of internodal 
elongation such that the leaves are densely 
crowded upon the rhizome and the fronds 
which come above ground in any year 
form a compact crown. The rhizome is, 
in fact, a short shoot. Unlike the condi- 
tion in many of the higher plants, how- 
ever, the short shoot of Osmunda is not 
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one expression of a variable pattern of 
growth (Gunckel, Thimann & Wetmore, 
1949 ), but rather is the characteristic and 
permanent pattern of the adult plant. A 
morphogenetic interpretation of this mode 
of growth, one of the aims of the present 
study, might well have a rather wide- 
spread application to the understanding 
of this pattern in other plants, for example, 
in many of the ferns, in the cycads, and 
in the vegetative development of a number 
of Angiosperms. 

Even a cursory examination of the 
rhizome of O. cinnamomea must lead to 
the conclusion that, at the growing point, 
the process of leaf initiation by far pre- 
dominates over the laying down of stem 
tissue. In a single season in which as 
many as 25 or more leaves may be 
formed, the rhizome lengthens almost 
imperceptably. Accurate measurements 
of this increment would be difficult, if not 
impossible, to make, but estimates indi- 
cate that an average annual increase in 
length of the rhizome of several milli- 
meters is typical at least in our New 
England climate. In attempting to inter- 
pret the problem of lack of internodal 
elongation one must keep in mind the 
extent to which the leaf component of 
the shoot system dominates the stem 
component and must determine to what 
degree this aspect of shoot development 
is referable to the apical meristem itself. 

It is not surprising to find in Osmunda 
an apical bud which contains a number 
of immature leaves. It is unusual, how- 
ever, to find such a large number of 
leaves contained in this bud, a reservoir 
of four annual sets, or three in the spring 
immediately after leaf expansion. This 
condition results from the extremely slow 
rate of early leaf development in this fern 
which is in sharp contrast to the rapid 
final expansion of the fronds. It is not 
until their fourth growing season, nearly 
three years after their initiation at the 
apex, that the leaves are differentiated as 
cataphylls or undergo development pre- 
paratory to emerging as fronds during the 
next growing season. In the case of the 
fronds, it is in the fifth growing season, 
nearly four years after inception, that 
these leaves undergo their final develop- 
ment, The possible correlation between 
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slowness of early leaf development and 
the lack of internodal elongation previous- 
ly noted must certainly be investigated 
along both morphological and physio- 
logical lines. 

It is of some interest to speculate about 
the ontogenetic development of this ex- 
tensive reservoir of leaves and its main- 
tenance in the adult plant. Evidence 
has been cited to show that there is a 
reasonable constancy from year to year in 
leaf utilization from this reservoir. Since 
in a wide range of material examined the 
number of yearly sets of leaves in the bud 
at any given time remains relatively cons- 
tant, it would appear that the annual 
production of leaves equals, within limits, 
the annual utilization. Very infrequently 
the rhizome of this fern forks or dichoto- 
mizes, and when this occurs, the average 
annual number of fronds becomes ap- 
portioned between the two new apices, 
suggesting that the total number of leaves 
utilized in a given year is similarly ap- 
portioned. It is not yet clear whether 
there is a sharp increase in annual leaf 
utilization just before or just after branch- 
ing, or whether there is a gradual increase 
over a period of many years which cul- 
minates in the occurrence of equal terminal 
branching. Preliminary observations of 
frond number on the same plants in four 
successive years suggest that the increase 
is gradual, but is too slow to be observed 
as a distinct trend in any examination 
extending over a period of only a few 
years. 

In the sporeling, on the other hand, the 
situation must be radically different. In 
the early development of the sporeling 
(Campbell, 1930) a single leaf is formed 
from one quadrant of the zygote. This 
leaf and succeeding leaves develop to 
maturity rapidly, and as a result of this, 
there are very few undeveloped primordia 
present at the apex at any one time. In 
subsequent development, this pattern 
gives way to one in which new leaves are 
produced at the apex more rapidly than 
pre-existing ones complete their expansion. 
Under these conditions the apical bud 
with its reservoir of leaves begins to form. 
This disproportionate increase must con- 
tinue until a state of relative stability 
is attained, after which, if there is any 


PHYTOMORPHOLOGY 


{ July 


increase of leaf utilization ( we have seen 
that there may be a gradual increase over 
a period of many years) there is an 
equivalent increase in production, since 
the total number of annual sets present 
in the bud at any specified time remains 
relatively constant from year to year. 
An ontogenetic study of the formation of 
the apical bud would be extremely 
difficult and lengthy because of the slow 
growth of the plant; but the information 
derived from such a study, particularly 
if it involved an experimental analysis of 
nutritional and other possible controlling 
factors, will be almost essential to the 
interpretation of the characteristic growth 
habit of the plant. 

Recent studies of growth and develop- 
ment in the higher plants ( Gifford, 1943; 
Kemp, 1943; and others) have emphasized 
the importance of following the constantly 
changing aspect of the shoot apex through 
the annual growth cycle in order that a 
true picture of this formative region as a 
dynamic system may be obtained. That 
such changes are also apparent in the 
meristematic regions of ferns has recently 
been demonstrated by Frazer (1946). 
A description of the annual growth cycle 
has been given in the present report with 
the intention that it shall serve as a 
background for a structural and physio- 
logical study of the shoot apex. The 
seasonal cycle, as described here, applies 
only to plants growing in this locality, 
and may be expected to differ somewhat 
under other climatic conditions. Small 
(1938), for example, has reported that 
in parts of Florida, O. cinnamomea is 
evergreen. | 

One rather striking case of periodic 
activity at the shoot apex of O. cinnamomea 
which has been demonstrated in the 
present work is the production of the 
yearly set of leaf primordia during a 
period of about a month from mid-June 
to mid-July. The limitations of the 
method used to establish this periodic 
activity have already been considered and 
it is well that they should be kept in mind 
in any discussion of the phenomenon, It 
will be a matter of great interest in future 
work to explore the possible existence of 
structural configurations in the shoot apex 
associated with the period of active leaf 
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production, and to attempt to establish 
physiological correlations which may in 
part explain the periodic activity. It 
may be significant, either in terms of food 
supply to the apex or of specific substances 
emanating from the leaves that the period 
of active leaf formation occurs between 
the most active foliage leaf expansion in 
the spring and the most active develop- 
ment of cataphylls and of the next season’s 
sterile and fertile fronds, in the outermost 
region of the apical bud. 

The maturation of leaves as cataphylls, 
fertile or sterile fronds in the outermost 
region of the apical bud is a matter 
deserving of further consideration. For 
three growing seasons (slightly less than 
two and one-half years) any leaf, so far 
as can be determined, gives no indication 
of its ultimate destiny, immature leaves 
of this age, and younger, forming a 
continuous, uninterrupted series to the 
youngest primordium at the shoot apex. 
In attempting to interpret leaf develop- 
ment from a causal point of view, two 
possible hypotheses must be considered: 
(1) that the ultimate form of the leaf is 
determined at the time of its inception at 
the apex, or at least very early in its 
development, but that there is no morpho- 
logical expression of this determination 
until the fourth growing season; (2) that 


| the diverse patterns of leaf development 


result from influences acting upon the 
leaves during the period in which they are 
actually assuming their varied forms. 

The occurrence of modified and un- 


expanded leaves in the cinnamon fern was 


reported by Bower in 1884, when he also 
described the bud scales of O. regalis and 
Todea barbara. He later (1926) listed 
the occurrence of protective leaves with 
broad bases and abortive laminae as a 
general characteristic of the Osmunda- 
ceae, and cataphylls in this family have 
also been described by Goebel (1905 ). 
Cataphylls, which are such a common 


| feature of the winter buds of the woody 


angiosperms and gymnosperms, are a 
rare occurrence in the vascular crypto- 
gams. Goebel (1905) has described 


| cataphylls from Matteuccia struthiopteris 
- Tod.(Onoclea struthiopteris Hoffm.) similar 


to those of Osmunda, as well as transitions 
between these and normal foliage leaves; 


STEEVES & WETMORE — STUDIES ON OSMUNDA CINNAMOMEA L. 351 


and Bower (1884 and 1923) has also 
mentioned them. Hard brown scale leaves 
have been described by Goebel (1905) 
at the outside of the winter bud of land- 
living species of Isoetes. Goebel (1905) 
has also mentioned that the first leaves 
of adventitious buds which arise on the 
fleshy stipules of the Marattiaceae have 
arrested laminae. 

The problem of the nature and causal 
relationships of bud scales in the angio- 
sperms has been a centre of botanical 
interest for many years. Foster (1928) 
has reviewed the extensive literature 
on the morphology of bud scales and 
has outlined the main views, both phylo- 
genetic and developmental, which have 
been advanced to explain these rather 
remarkable organs. Since the present 
work has been experimental and develop- 
mental, it would seem to be necessary to 
discuss only the theories which pertain 
to this aspect of the problem. 

Goebel ( 1905 ), one of the first workers 
to adopt a developmental approach to- 
wards the interpretation of cataphylls, 
maintained that the bud scale in the pri- 
mordial stage is equivalent to a foliage . 
leaf, and that it is only as a result of 
influences operating upon it at a later 
stage that it becomes a cataphyll. Dev- 
elopment may be ‘arrested’ at various 
stages in the ontogeny of the primordium, 
and thus transitional forms between 
foliage leaf and cataphyll may be explain- 
ed. Foster, on the other hand, in his 
investigations on bud scales in the angio- 
sperms ( 1932 and others ) found that the 
ontogenetic patterns of cataphyll and 
foliage leaf primordia diverge so early 
that, while considering both types to be 
foliar organs, he does not believe it pos- 
sible to recognize homologies between 
cataphylls and various portions of foliage 
leaves as Goebel has done. Foster related 
the differences between types of primordia 
to different physiological conditions of 
the shoot at the time of initiation. 

It is clear that in so far as morpho- 
logical changes are concerned, Goebel’s 
interpretation of bud scales is applicable 
to the cataphylls of O. cinnamomea. There 
is no structural indication in the pros- 
pective cataphylls of a divergence from 
normal foliage frond development until 
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the fourth growing season, approximately 
three years after their inception. More- 
over, it seems unlikely that there has been 
any prior physiological change leading 
to cataphyll development, since as late 
as the early part of July of the year in 
which they develop, cataphylls may 
regularly be diverted from their course of 
development and caused to expand as 
foliage fronds. Although these data donot 
give conclusive proof, they at least strongly 
suggest that the factors responsible for 
cataphyll development do not influence 
the leaf, under normal conditions, until 
its fourth growing season, the earlier 
primordial stages of development being 
completely free from these influences. 

The morphological studies of cataphyll 
development indicate that the primary 
influence affecting their growth is an 
inhibition of further development of the 
crozier which permits, or perhaps even 
stimulates, lateral development of the 
leaf base. The work of Goodwin ( 1937 ) 
and that of Ashby (1948) has shown 
that in certain species of Angiosperms 
the development of younger leaves is 
controlled, or at least limited, by older 
leaves. It has been demonstrated clearly 
in the present work that the inhibition 
of cataphylls in Osmunda cinnamomea 
can be released during the early part of 
the summer by cutting off, at ground 
level, the fertile and sterile fronds of the 
current year. The close relationship be- 
tween the fronds of the current year and 
the development of cataphylls is further 
illustrated by the correlation between 
the number of fronds removed and the 
number of cataphylls forced to develop 
as sterile fronds. 

The nature of the retarding influence 
proceeding from the fronds of the current 
year is as yet unknown. From experi- 
ments in which synthetic growth subs- 
tance was applied to the stubs of cut 
leaves, it may be concluded tentatively 
that the inhibiting influence of the fronds 
is not primarily hormonal. This agrees 
with the observation that fronds seem to 
be exerting an inhibition after they have 
ceased to yield by diffusion quantities of 
auxin which can be measured by the 
standard Avena test. The work of Good- 
win (1937) and Albaum (1938), which 
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reported hormonal inhibition of younger 
leaves by older leaves, showed that in- 
hibition of that sort was exerted while the 
leaves were expanding and producing 
measurable quantities of auxin. How- 
ever, studies on leaf abscission ( Myers, 
1940) show that quantities of auxin too 
low to be measured by standard Avena 
diffusion techniques seem to be sufficient 
to influence the rate of leaf fall. The 
possibility that in Osmunda cinnamomea 
the influence of the fronds of the current 
year upon the development of cataphylls 
may be, in part at least, an auxin pheno- 
menon, has not yet been excluded. 

On the other hand, there is evidence 
that mature leaves of other species are 
able to exert an inhibition upon bud 
development ( Smith, 1944; Dostal, 1946 ) 
and upon the development of younger 
leaves (Dostal, 1946). Dostal (1946) 
has interpreted his results in terms of 
specific formative substances or ‘orga- 
nogens’ produced in the leaves. The 
possibility of such specific substances 
proceeding from the fronds and having a 
direct effect upon the development of 
cataphylls must be considered. There is 
also the possibility, considered in connec- 
tion with the discussion of periodicity of 
leaf production, that the fronds of the 
current year exert their influence by a 
diversion of nutrients or of water from 
the more acropetally located cataphylls. 
Perhaps the most important fact to be 
considered in this discussion is the evi- 
dence indicating that the fronds of the 
current year cannot alone be responsible 
for the development of cataphylls. In 
one particular case, after cataphyll dev- 
elopment had reached,a stage at which 
the removal of fronds no longer could 
cause prospective cataphylls to expand 
as fronds, a more drastic injury was able 
to produce this result. Moreover, a set 
of cataphylls develops even if all develop- 
ing leaves are systematically removed 
throughout the growing season and evi- 
dence has been cited to show that cata- 
phylls develop in the absence of any 
expanding or mature fronds on the plant. 
It would seem that the development of 
cataphylls is controlled, not by a single 
factor, but by the combined effect of a 
number of factors, The removal or dis- 


_ primordia at the apex. 
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turbance of one of the factors, under 
certain conditions, may be sufficient to 
reverse the pattern of development and 
cause expansion as a Sterile frond. 
Concerning the factors responsible for 
the development of fertile fronds con- 
siderably less information is available. 
Whatever the causes may be, one im- 
portant effect is the production of the 
exact opposite of the processes leading 
to cataphyll formation, for crozier develop- 
ment in these fronds, and also in the sterile 
fronds, is extensive and the conspicuous 
flaring of the leaf base, characteristic of 
the cataphylls, is lacking. The number of 
fertile fronds on a given plant varies con- 
siderably from year to year, and the 
variation seems to be in the same direc- 
tion in any particular year in a given area, 
leading to the conclusion that local 
environmental conditions may be an 
important determining factor. Normally, 
in O. cinnamomea the fertile and sterile 
fronds are completely separate. Not un- 
commonly, however, one may find a frond 
with both fertile pinnae and sterile, photo- 
synthetic pinnae. This condition is known 
as the forma frondosa ( Torrey & Gray ) 
Britton. In such fronds the base may be 
sterile and the tip fertile, or the reverse 
may be also true. This suggests that, 
while the development of pinnae was 
taking place, a change of conditions 


‘occurred which favoured the development 


of pinnae of the other sort. Moreover, if 
fronds of the current year are removed 
and prospective cataphylls are forced into 


expansion, the number of fertile fronds is 


greatly reduced from the expected value, 
and, in such cases, most often none is 
formed. This evidence would seem to sug- 
gest that the factors responsible for the 
formation of fertile leaves exert their influ- 
ence during the fourth growing season. 
This conclusion is in keeping with the lack 
of any morphological specialization of 
the fertile fronds before that time. 

The sterile fronds, next in acropetal 


_ sequence, form the outermost part of an 


uninterrupted series down to the youngest 
They would seem 
to represent the final product of leaf 


- development if no modifying influences 


are in operation. Structurally, the outer- 
most cataphylls are clearly retarded sterile 
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fronds. Moreover, if successive removal 
of developing fronds of the current year 
pushes the entire sequence acropetally, 
prospective fronds may become cataphylls. 
It seems clear that, unlike the condition 
described in many angiosperms, all of the 
primordia of Osmunda cinnamomea possess 
equal potentialities, and it is only as a 
result of subsequent modifying influences 
later in their development that some of 
the leaves diverge from the normal course 
which leads to sterile fronds. It is hoped 
that subsequent work will provide a more 
complete morphological picture of these 
divergent patterns of development and 
will also elucidate the causal mechanisms 
which control them. 


Summary 


The apical bud of Osmunda cinnamomea 
is described. During the dormant period 
this bud contains a reservoir of leaves 
sufficient for four successive growing 
seasons including, at the outside, a set of 
well-defined cataphylls, and, inside them, 
the well-developed but unexpanded fronds 
for the next season. The rhizome under- 
goes essentially no internodal elongation. 
The annual cycle of external morphological 
changes is described. 

During the growing season each year, 
a set of cataphylls and a group of fertile 
and sterile fronds which will expand above 
ground during the next growing season, 
are set off at the outside of the apical bud. 
Whereas the prospective fronds undergo 
active apical growth to form well-develop- 
ed croziers, crozier development is appa- 
rently inhibited in the cataphylls. In the 
cataphylls, particularly the inner ones of 
the series, a wide flaring margin develops. 

An attempt was made to explore the 
factors which produce inhibition of crozier 
development in the cataphylls. Removal 
of the fronds of the current year, up to 
the first week of July under natural 
conditions, causes prospective cataphylls 
to expand as foliage fronds. A close 
correlation between number of fronds 
removed and number of cataphylls forced 
has been demonstrated. Evidence is pre- 
sented which suggests that the influence 
exerted by the fronds of the current year 
is not an auxin inhibition. It is also 
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suggested that the development of cata- 
phylls occurs under the influence of a 
combination of factors, and not of a 
single factor. 

The production of leaf primordia at 
the shoot apex of O. cinnamomea is a 
periodic phenomenon, occurring for the 
most part during a period of about a 
month, from mid-June to mid-July. 

The significance of several of the obser- 
vations reported here is discussed, together 
with a consideration of future problems, 
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Part of this work was done while one of 
the authors (T.A.S.) held a Sheldon 
Travelling Fellowship from Harvard Uni- 
versity at the University of Manchester. 
Appreciation is expressed at this time to 
the authorities of both institutions. The 
authors are indebted to Professor C. W. 
Wardlaw for his many helpful suggestions 
and criticisms and to Mr. C. P. Steeves 
and Mr. G. S. Lord for their valuable 
assistance in collecting plant material and 
in recording field observations. 
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THE COMPARATIVE MORPHOLOGY AND RELATIONSHIPS 
OF THE MAGNOLIACEAE — II. SIGNIFICANCE OF 
eee Olli N 


JAMES E. CANRIGHT 
Indiana University, Bloomington, Indiana, U.S.A, 


As indicated in a previous paper ( Can- 
right, 1952) no comprehensive mor- 
phological study of the Magnoliaceae 
(sensu stricto) has ever been made, des- 
pite the evolutionary significance of this 
family in many systems of classification, 
e.g. Hallier (1905), Hutchinson (1926). 
The present paper on the pollen mor- 
phology of this interesting family submits 
further evidence which can help confirm 
or deny the supposed primitive role of the 
Magnoliaceae. 

Erdtman has long been the foremost 
proponent of the concept that the science 
of palynology can be a valuable tool to 
systematics. In this connection, his re- 
cent book (1952b) is an excellent source 
of information regarding comparative 
details of pollen grains of angiosperms. 
However, it should be emphasized that 
any attempted classification based upon 
pollen characteristics alone would perforce 
. be an artificial system, since superficial 
similarities of pollen grains do not neces- 
sarily indicate a true genetic relationship. 
Nevertheless, when correlated with other 
lines of evidence (see e.g. the excellent 
work of Dahl, 1952, in this respect), 
intensive pollen morphological studies can 
contribute much towards a more natural 
system of classification. 


Materials and Methods 


Pollen of 82 species in eight of the ten 
genera of Magnoliaceae (Dandy, 1927) 
was examined. The number of species 
investigated in each genus was as follows: 
Alcimandra, 1; Aromadendron, 1; Elmer- 
rillia, 6; Liriodendron, 2; Mangolia, 41; 
Manglietia, 6; Michelia, 17; and Talauma, 
| 8. Taxonomically, the last four genera 
- include 95 per cent of all known species in 
this family; the first four of the above- 
named genera have only 1, 2, 7, and 2 
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species respectively, which explains the 
small number of species examined in these 
genera. Pollen of the two bitypic Mala- 
sian genera, Kmeria and Pachylarnax, was 
not available for examination, 

The majority of these observations is 
based upon pollen obtained from her- 
barium specimens belonging to the collec- 
tions of the Arnold Arboretum and 
the Gray Herbarium. Cytological exa- 
mination of tetrad configurations and 
meiotic behaviour of chromosomes was 
made upon fresh material collected from 
Magnolia soulangeana cultivated on the 
Indiana University campus. 

Dried pollen was mounted and re- 
expanded in lactic acid, the cover slips 
later being ringed with a special varnish 
resin to make the slides permanent. 
Measurements of expanded pollen grains 
were made by means of an ocular micro- 
meter, and the average length and width 
of at least ten grains in each specimen 
was recorded. Buell (1946) has in- 
dicated that treatment of both fossil and 
living (dried) pine pollen with 10 per 
cent KOH failed to swell grains as much as 
the acetolysis treatment. Somewhat more 
elaborate experiments by Cain (1944) 
on pollen of Abies fraseri demonstrated 
that both acetolyzed and KOH-treated 
grains were on the average 8:5 per cent 
larger than grains treated solely in 95 per 
cent alcohol or boiled in water. Although 
complete data based upon comparisons of 
sizes of KOH-treated or acetolyzed pollen 
grains with those re-expanded in lactic 
acid are not available, the present author 
compared the published measurements of 
Magnoliaceae pollen (Wodehouse, 1935, & 
Erdtman, 1952b) with his own measure- 
ments of lactic acid-expanded grains. 
Wodehouse utilized glycerine jelly to 
expand his pollen; his measurements of 
the polar axes of four species ( Magnolia 
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acuminata, M. soulangeana, Michelia cham- 
paca, and Liriodendron tuli pifera ) indicate 
that magnoliaceous pollen thus treated 
averages 1-6 u per species smaller than 
the author’s lactic acid-treated grains of 
the same species. On the other hand, 
Erdtman’s measurements of the polar 
axes of acetolyzed grains of five species 
(Magnolia grandiflora, M. hamori, M. 
kobus, Michelia champaca, and Liriodendron 
tulipifera) show a 7-5 u. per species average 
increase over the measurements of the 
author’s lactic acid-treated grains of the 
same species. Therefore, although the 
sampling is admittedly too small to be 
conclusive, these comparative data in- 
dicate pollen grains treated by the aceto- 
lysis method are expanded approxi- 
mately 8-10 per cent more than those 
expanded in glycerine jelly or lactic acid. 
In this connection, Faegri and Iverson 
(1950 ) state: “ As a method of prepara- 
tion for general morphological inspection 
we recommend acetolysis, but it must 
be borne in mind that pollen grains which 
have been treated in this way cannot 
be used for the purpose of size statistics.” 
( Italics mine.) 


Description 


Pollen grains have various morpho- 
logical characteristics which are of con- 
siderable taxonomic value. The most 
important of these characteristics are: 
(1) grain size and shape; (2) type, num- 
ber, and location of germinal furrows or 
pores; and (3) nature of sculpturing of the 
outer pollen wall ( sexine ). 

The pollen of this family is in all cases 
monocolpate ( monosulcate of Erdtman ), 
i.e. with a single elongate germinal furrow 
oriented parallel to the polar axis 
( Figs. 1,4). The grains are more or less 
ellipsoidal ( prolate ) at anthesis, but this 
shape may vary considerably ( Figs. 2, 5 ) 
according to the later treatment of the 
grain. If the grain is dried, it usually 
becomes “ boat-shaped ” due to the in- 
vagination of the comparatively thin floor 
of the germinal furrow (sulcus). On the 
other hand, moistening the grain generally 
causes an increase in the equatorial dimen- 
sions due to a partial evagination of the 
sulcus ( Fig. 5). This condition dictates 
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that any equatorial measurements of 
monocolpate grains be utilized with extreme 
caution due to their range of variability. 
However, the polar dimensions remain 
fairly constant during normal expansion 
and contraction of the grains, thus such 
measurements are reasonably reliable for 
comparative purposes. 

Wodehouse ( 1935, p. 325 ) explains the 
ellipsoidal shape of monocolpate, mag- 
nolia-type pollen by his second “law”: 
‘,.. association of pollen grains in tetra- 
hedral tetrads tends to impose on them an 
isodiametric form, while association in 
flat tetrads permits an elongate form.” 
Relative to the validity of this “law” 
are the researches of Farr (1918), who 
studied young stamens of Magnolia tripe- 
tela in order to determine the arrangement 
of microspores in tetrads. He found 
that of 287 cases examined, 51 per cent of 
the tetrads were of the decussate type, 
25 per cent were of the quadrate ( tetra- 
gonal or rhombic) type, and the re- 
mainder of the tetrads were simply modi- 
fications of the first two types. It is 
significant that Farr found no examples 
of the tetrahedral disposition of tetrads 
which is common in most dicotyledons. 
The present writer’s examination of 
tetrad configurations of microspores of 
Magnolia soulangeana (Fig. 11 a-d) tends 
to verify the observations of Farr, with 
the exception of the discovery of a few 
cases of the tetrahedral arrangement. 

Guignard (1897, 1898) first reported 
the unique method of pollen formation 
occurring in Magnolia, which followed 
neither the normal monocot nor dicot 
pattern known at that time. In the 
pollen mother cells of Magnolia the first 
nuclear division is closely followed by a 
centripetal furrowing. (Fig. 8 shows an 
abnormal double grain which matured 
and was shed although cleavage was 
incomplete.) This furrowing is not com- 
pleted until after the second nuclear 
division, at which time quadripartition 
occurs by practically simultaneous fur- 
rowing. In this connection, Maheshwari 
(1950, p. 43, 44) states: “ It seems that 
since a division by furrowing is common 
in the Thallophytes and other lower plants, 
the simultaneous type is the more ancient 
and the successive type the derived.” 


Fics. 1-10 — Fig. 1. Magnolia grandiflora L. pollen grain re-expanded in lactic acid. Note 
typical elongate sulcus and finely baculate sculpturing of the sexine. x 425. Fig. 2. Liriodendron 
tulipifera L. showing prolate spheroidal shape of grain and verrucose sculpturing. x 425, Fig. 3. 
Magnolia parviflora Sieb. & Zucc., most highly ornate sexine of all examined pollen of Magnolia 
species. x 425. Fig. 4. Magnolia allenii Standley. Largest known grain in the Magnoliaceae. 
x 425. Fig. 5. Michelia compressa Max. One of the smallest grains in this family. x 425. 
Fig. 6. Michelia champaca L., acetocarmine smear of pollen mother cell. Anaphase of the {st 
meiotic division showing 19 bivalents. x ca. 850. Fig. 7. Idem, first metaphase. x ca. 850. 
Fig. 8. Magnolia macrophylla Michx., abnormally-shed double grain. X 425. Fig. 9. Magnolia 
aequinoctialis Dandy, showing pollen tube emerging from the elongate sulcus. X 425. Fig. 10. 
Xylopia aromatica ( Larn.) Mart. ( Annonaceae). Polar view of normally-shed tetragonal tetrad 
within remnants of mother cell wall. x ca. 275. 
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Fics. 11-13 — Fig. 11. Camera lucida drawn 
tetrad configurations of microspores of Magnolia 
soulangeana ( Hort.): a, polar view of tetragonal 
(quadrate ) tetrad; b, lateral view of arrange- 
ment shown in a; c, decussate arrangement; and 
d, tetrahedral tetrad (rare in this family). Figs. 
12, 13. Magnolia pyramidata (Batr.) Pursh, 
Palmer No. 35304. Camera lucida drawings of 
mature pollen grains shed in coherent tetrads, 
showing the distal position of the germinal fur- 
row. x 320. 
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However, it is of interest that Farr 
(1916), after an extensive review of the 
literature, reported that quadripartition 
by furrowing was definitely known to 
occur in at least 21 species of dicotyledons, 
including such morphologically advanced 
genera as Helianthus, Ambrosia, Chrysan- 
themum, Nicotiana, Sarracenia, and Gossy- 
pium. This evidence tends to negate 
any phylogenetic implications of pri- 
mitiveness in the mode of pollen formation 
of the Magnoliaceae. 

SCULPTURING OF THE EXINE — In many 
cases (eg. Dahl, 19527 Rao; 2120 
Wodehouse, 1928, 1930) the types of 
sculptural elements in the sexine and their 
resulting overall patterns are excellent 
characteristics for diagnostic purposes — 
occasionally even for taxa as low as 
species in such highly evolved groups as 
the Compositae with their variously 
ornamented pollen grains. The situation 
is quite different in the Magnoliaceae, 
however; in this family the sculpturing 
of the exine is non-existent ( psilate ) to 
finely granular ( Fig. 1) at magnifications 
up to 1,000x. In Liriodendron, the exine 
varies in thickness and sculpturing even 
in pollen from the same anther, certain 
grains appearing to be uniformly granular 
whereas others are coarsely verrucose in a 
more or less reticulate pattern (Fig. 2). 
With reference to Liriodendron pollen 
Wodehouse (1935, p. 333) states: “ the 
rugged coarse appearance that these 
grains present is unique and serves to 
distinguish them from all other monocol- 
pate grains that I have seen.”’ This state- 
ment was found to be essentially true in 
the present survey, the lone exception 
being the grains of Magnolia parviflora 
Sieb. and Zucc. ( Fig. 3) which approxi- 
mate the finely verrucose appearance of 
some grains of Liriodendron. 

SIZE OF POLLEN — According to Faegri 
and Iversen (1950, p. 27) the smallest 
known pollen grains measure about 5 y, 
the largest more than 200 u. More speci- 
fically, the largest pollen that the author 
has been able to find recorded in the 
literature belongs to a member of the 
Dipsacaceae, Morina persica L., 190-205 y 
(Erdtman, 1945). The next largest 
known grains are probably those of 
Acleisanthes berlandieri ( Nyctaginaceae ) 
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180 u, and Cucurbita pepo, ca. 170, Erdt- 
man (1952b). The smallest recorded 
grains belong to members of the Boragina- 
ceae — Myosotts sylvatica, 2-5 u, Erdtman 
(loc. cit.) and Mertensia sp., 10 u ( Pope, 
1925). However, relatively few species 
have grains which range much over 100 u. 
and under 15 yu in their longest axis, with 
the grand average for all angiosperm 
pollen probably falling somewhere between 
25-50 u. 

Pollen grains of only a few species of the 
Magnoliaceae have been previously mea- 
sured: Erdtman (loc. cit.) lists a size 
range of 40-110 u based on measurements 
of six species; Wodehouse (1935), 41-63 u 
based on five species; and Howard ( 1948 ), 
40-110 u (8 spp.). The present author’s 
measurements of 82 species extend the 
range of pollen size in this family from 
123x70 u in Magnolia allenii Standley 
(Fig. 4) to 24x 17 win Elmerrillia sericea 
White. Generally speaking, the pollen 
grains of examined species of Elmerrillia 
and Michelia are the smallest (medians = 
27 and 33 p, respectively ), whereas the 
grains of Talauma and Magnolia are the 
largest (medians = 78 and 66 uy, res- 
pectively ). Nevertheless, due to a de- 
cided overlap of the size ranges of pollen 
in most genera, any attempts to differen- 
tiate genera or species in the Magnoliaceae 
based on pollen size should be viewed with 
extreme scepticism. 


CORRELATION BETWEEN POLLEN SIZE 
AND CHROMOSOME NUMBER — Due to the 
unusually wide variation of pollen size in 
this family an attempt was made to deter- 
mine whether there was a possible corre- 
lation between pollen size and degree of 
polyploidy. Erdtman (1952a) states a 
commonly held concept that, “ within a 
given genus the species with high chromo- 
some number have, as a rule, larger pollen 
grains than those with fewer chromo- 
somes”. Guignard (1897), Morinaga et 
al. (1929), Whitaker (1933), Ishikawa 
(1916), and Yasui (1937) have previously 
reported the occurrence of polyploidy in 
species of Magnolia. Table 1 compares all 
the known chromosome numbers in this 
family with pollen measurements of the 
same species. In the genus Magnolia six 
species apparently have a diploid number 
of 38 chromosomes, four have 76, one has 


95, and two have 114, suggesting a regular 
polyploid series of the basic number 19. 
Liriodendron tulipifera is also known to 
have a similar basic number. Darlington 
and Janaki Ammal (1945) list the 
basic number of Michelia as 7 despite 
the fact that Sugiura (1936) recorded 
14 chromosomes in PMC divisions of 
Michelia compressa. However, the only 
published photomicrographs of Michelia 
chromosomes ( Figs. 6, 7 ) clearly show 19 
chromosomes in the PMC of Michelia 
champaca. Sugiura (loc. cit.) states that 
the 14 meiotic chromosomes of Michelia 
compressa are “ large and heteromorphic, 
some of which are 3x or more larger than 
the small ones’’. The present author 
suggests that perhaps five of the larger 
chromosomes mentioned by Sugiura re- 
present those which had not yet undergone 
reduction, thus the final number after 
meiosis was completed would have been 
19. Whether this hypothesis is true or 
not, the indisputable evidence shown in 
the smear preparations of Michelia cham- 
paca strongly indicate that the basic 
number for this genus is not 7 or 14, but 
19, the same as that of Magnolia and 
Liriodendron. Unfortunately, thus far 
chromosome numbers of the other genera 
in the Magnoliaceae are not known. 


Examination of the histogram ( Fig. 14) 
summarizing the data from Table 1 
reveals that the four tetraploid magnolias 
have smaller pollen than five of the six 
diploids. Similarly, the only known 
pentaploid ( M. soulangeana var. purpuras- 
cens) and one of the hexaploids (M. 
denudata) have pollen not significantly 
larger than two of the tetraploids, and 
distinctly smaller than five of the six 
diploids. Therefore, of 13 Magnolia spe- 
cies or varieties of which the chromosome 
numbers have been counted, only the 
smallest diploid (M. kobus) and the 
largest hexaploid ( M. grandiflora ) exhibit 
the correlation with pollen size that is 
normally expected. 

DESCRIPTION OF THE POLLEN BY 
GENERA — Due to the fact that mor- 
phological characters of the pollen in 
this family vary but little, specific des- 
criptions of the 82 examined species are 
not deemed necessary; instead, generic 
descriptions should suffice. Technical 
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Fic. 14 — Histogram comparing all the known chromosome numbers of Magnolia species with 


the polar length of their pollen grains. 


terms have purposely been kept to a 
minimum; however, in the event the 
meaning of some terms is not clearly 
understood, the reader is referred to 
Erdtman (1952c). 


ALCIMANDRA Dandy 


Monotypic; separated from the genus 
Michelia by Dandy (1927) due to the 
fact that Michelia cathcartii Hook f. and 
Thoms. was the only number of this 
genus with terminal flowers; all others 
are axillary. 

Grains ellipsoidal, prolate; monosulcate; 
exine thin and smooth (psilate) ; 36x 24 u 
( Bisvas No. 3739). 


AROMADENDRON Blume 


Two, possibly three species known. 
The following description is based on 
pollen of A. elegans Blume. 

Grains ellipsoidal, prolate to subprolate; 
monosulcate; exine psilate; 33x24 
( Neth. Ind. For. Serv. No. 19581). 


ELMERRILLIA Dandy 


About 7 species known; separated from 
genus Michelia (Dandy, 1927) on the 
basis of non-stipitate gynoecium and 
introrse anthers. Description based on 
5 spp. and 1 variety. 

Grains ellipsoidal, prolate; exine thin, 
psilate to very finely baculate ( granular ) ; 
monosulcate; small, ranging from 24x 17 u 
E. sericea C.T. White ( Brass No. 661) to 
34x 28 u. in Elmerrillia sp. (Neth. Ind. For. 
Serv. No. 21988). 


LIRIODENDRON Linn. 


Two species generally recognized (L. 
tulipifera L. and L. chinense Sarg.) but 
differences in their pollen characters are 
indistinguishable. 

Expanded grains prolate spheroidal 
(Fig. 2) to subprolate; monosulcate; 
exine fairly thick and baculate; sculpturing 
variable from finely granular to verrucose 
in a more or less reticulate pattern; large, 
avg. size=64x55 pu. 
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TABLE 1— COMPARISON OF POLLEN SIZE AND CHROMOSOME NUMBER IN 
THE MAGNOLIACEAE 


SPECIES POLLEN 
SIZE 
(u)* 
MAGNOLIA (n=19) 
M. fraseri Walt. 64 x 48 
M. kobus DC 46 x 39 
M. parviflora Sieb. & Zucc. 78 X57 
M. tripetala L. 80 x 58 
M. virginiana L. 65 x 50 
M. hamori Howard ... 78x58 
M. acuminata L. 56x42 
M. cordata Michx. 58x43 
M. liliflora Desr. +. 52 x 46 
do 80: 568 — 
M. soulangeana ( Hort.) Rss 51x37 
do an — 
M. soulangeana var. purpurascens 59x45 
( Hort.) 
M. grandiflora L. is 99 x65 
do Ss sus — 
M. denudata Desr. 60 x 48 
LIRIODENDRON (n=19) 
L. tulipifera L. ae 64 x 54 
do 500 eae — 
MIcHELIA (n—19 )f 
M. champaca L. 48 x 40 
M. compressa Max. ... 28 X21 


MEIOTIC SOMATIC CHROMOSOME 
CHROMOSOME CHROMOSOME COUNT BY 
NUMBER NUMBER 
19 — Whitaker, 1933 
19 — Ishikawa, 1916 
19 — do 
19 — Whitaker, 1933 
19 — Maneval, 1914 
— 38 Howard, 1948 
38 — Whitaker, 1933 
38 — do 
38 — do 
38 76 Yasui, 1937 
38 — Whitaker, 1933 
ca. 40 — Guignard, 1897 
— 95 Yasui, 1937 
She — Ishikawa, 1916 
56-57 — Morinaga et al., 1929 
— 114 Yasui, 1937 
19 — Maneval, 1914 
19 — Whitaker, 1933 
19 — Iyengar & Gopal- 
Ayengar, 1953+ 
14 — Sugiura, 1931 


*Based on measurements of dried grains re-expanded in lactic acid. 


See explanation in text. 


£Unpublished observations of meiotic figures in pollen mother cells. 


MAGNOLIA Linn. 


Largest genus in family, about 77 species 
known. Pollen description based on exa- 
mination of 41 species. 

Grains ellipsoidal, subprolate ( Fig. 3), 
prolate ( Fig. 1), or perprolate ( Fig. 4); 
monosulcate, heteropolar, colpi distal; 
exine sculpturing finely baculate with no 
definite pattern in the majority of species 
examined, yet coarsely baculate, -treti- 
culate-patterned specimens may occur, 


eg. M. campbelli Hk. f. & Thoms. 
(Forrest No. 25288), M. cordata Michx. 
(Canright No. 521), M. kobus DC. 


(Canright No. 543), M. parviflora Sieb. 
& Zucc. (Wilson No. 8615) ( Fig. 3), 
and M. wilsonii (Finet. & Gagnep.) 
Rehder (Ten No. 593). Pollen size 
ranges from 123 x 70 win M. allen Stand- 
ley (Allen No. 3574) (Fig. 4) to 41x 
30 win M. salicifolia Maxim. (Canright 
No. 568) with 66 X 49 u representing the 
median size for this genus. 
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MANGLIETIA Blume 


Approximately 25 species known, but 
only 6 were available for examination. 

Grains prolate to perprolate; mono- 
sulcate, heteropolar; exine generally thin, 
psilate in M. conifera Dandy ( Petelot 
No. 3963), but more commonly finely 
granular with no definite noticeable pat- 
tern; size range from 72x56 u in M. 
hookert Cubitt & W. W. Sm. ( Forrest 
No. 26639) to M. glauca Blume ( Bolea 
No. 9246). Average size, 62x41 u. 


MICHELIA Linn. 


Second largest genus in this family, 
comprising +50 species, 17 of which were 
examined. 

Grains subprolate ( Fig. 5) to prolate; 
monosulcate, heteropolar; exine normally 
thin and psilate, rarely becoming baculate 
or areolate; medium size, from 53 x 43 pin 
M. balansae Dandy ( Petelot No. 5661 ) 
to 28x22 u in M. compressa Maxim. 
(Wilson No. 10054) (Fig. 5); median 
size of measured grains, 41x33 up. 


TALAUMA Juss. 


Eight species examined of +42 known. 
Grains subprolate to prolate; monosulcate, 
heteropolar; exine baculate to + verrucose 
in T. villariana Rolfe (Phil. Bu. Sci. 
No. 42777); large, size ranging from 
10851 „in T. dodecapetala (Lam.) Ur- 
ban (Duss No. 3908) (not seen, report- 
ed by Howard, 1948) to 59x33 win T. 
minor Urban ( Shafer No. 8335). Median 
size of examined species, 78 x 52 u. 


Discussion 


What then can our present knowledge 
of the pollen of the Magnoliaceae contri- 
bute to a clearer understanding of the 
telationships and phylogenetic significance 
of the family ? 

Von Mohl ( 1835) early recognized the 
significance of pollen morphology. In 
classifying pollen forms he noted that 
many monocots, Ginkgo, Liriodendron, and 
Magnolia all were characterized by grains 
with a single longitudinal germinal furrow. 
Fischer (1890) indicated that the majo- 
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rity of dicotyledons possessed pollen with 
three germinal furrows. The phylogenetic 
import of these discoveries is excellently 
discussed by Pohl ( 1928 ), and the concept 
was further extended by the work of 
Wodehouse ( 1935, 1936 ). The last-named 
author postulated that the most primitive 
type of pollen is that which most closely 
resembles the spores of ferns, viz. rounded 


grains with a triradiate crest on their : 


proximal’ surface. This type of pollen has 
been found among certain Paleozoic seed 
ferns. The next evolutionary stage in- 
volves a loss of the triradiate crest and a 
gradual formation of the germinal furrow 
in the distal face of the microspore. This 
type of pollen occurs in certain Cycado- 
filicales, in the Cordaitales, Bennettitales 
Cycadales, Ginkgoales, several monocot 
families, and in a few of the dicotyledons, 
e.g. Magnoliaceae. The more highly 
specialized tricolpate ( and derived types ) 
pollen is confined to the dicotyledons. 
Bailey and Nast (1943) subsequently 
emphasized the fact that monocolpate 
pollen only occurs in dicotyledons in +18 
families of general ranalian affinities, a 
group of woody plants (exclusive of the 
Nymphaeaceae ) possessing characteristic 
secretory cells. This evidence tends to 
support Wodehouse’s thesis that the 
monocopalte (or monosulcate?) type of 
grain is primitive among dicotyledons. 
However, in order to homologize the mono- 
colpate pollen of angiosperms with a 
similar type in the gymnosperms, the ger- 
minal furrow in angiosperm pollen must 
also be located on the distal surface of the 
grains. As the sole supporting evidence 
in favor of this homology, Wodehouse 
(loc. cit.) cites the case of Drimys in the 
Winteraceae. Here the pollen is shed in 
coherent tetrahedral tetrads and the 
circular germ pore is located on the distal 
face. On the other hand, it has long been 
known, e.g. Fritzsche ( 1837 ), that certain 
genera of the Annonaceae shed pollen 
cohering in more or less tetragonal tetrads 


1. The part of the pollen or spore which is 
directed inward when still attached in its tetrad. 

2. The term ‘‘monocolpate’’ as used by 
Wodehouse (1936) includes germinal apparati 
consisting of either a single furrow or pore. 
Erdtman (1952b, c) uses “ monosulcate ” in a 
more restricted sense, viz. in referring to elon- 
gate furrows only. 
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( Fig. 10) and with a thin area ( generally 
interpreted as the germinal aperture ) on 
the proximal face of the grains. Cognizant 
of this condition in the Annonaceae, 
Bailey and Nast (loc. cit.) raise the ques- 
tion “ whether such is not likewise the 
case in the Myristicaceae, Magnoliaceae, 
and other related ranalian families ”. 
Swamy (1949) in studying micro- 
sporogenesis in a family closely allied to 
the Magnoliaceae, the Degeneriaceae, 
found that the germinal furrow is distally 
oriented. Although several workers (pre- 
viously cited ) studied microsporogenesis 
in the Magnoliaceae, none either men- 
tioned or illustrated the position of the 
germinal furrow on the developing pollen. 
The present author was likewise unable 
to discern well-differentiated germinal 
furrows on magnoliaceous pollen prior to 
its separation from the tetrads. Unlike 
most genera in the Annonaceae and 
Winteraceae, the pollen in members of the 
Magnoliaceae normally does not cohere in 
tetrads at anthesis. In examining over 
100 pollen slide collections in this last- 
named family, only one case of coherent 
tetrads ( at maturity ) was found, that of 
Magnolia pyramidata ( Batr.) Pursh. These 
tetrads (Figs. 12, 13) conclusively de- 
monstrate that the germinal furrow is on 
the dtstal face of the pollen and strongly 
suggest that a similar orientation may 
occur in the family as a whole, as in the 
closely related Degeneriaceae. Neverthe- 
less, from the above observations it must 


. not be assumed that all ranalian families 


are characterized by pollen with distal 
germinal apertures. Vanderwyk (1950) 
cultured pollen of Asimina triloba L. 
( Annonaceae ) in a sugar solution and 
found that the pollen tubes emerged from 
the proximal surface of the grains. 
Covas and Schnack (1945) discovered 
an apparent correlation between pollen 
size and length of style within a group of 
related species in the comparatively specia- 
lized Verbenaceae. In other words, the 
larger the pollen grains, the longer the 
style and vice versa. Furthermore, these 
workers have suggested that the reduction 
in the relative size of the pollen grains is a 
phylogenetic tendency associated with 
the development of more efficient meta- 
bolic processes in the more advanced 
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families. These trends, if universally 
applicable among families of dicotyledons, 
would indicate that the related magno- 
liaceous genera, Michelia and Elmerrillia, 
on the basis of their small pollen size, are 
phylogenetically the most advanced mem- 
bers of the Magnoliaceae. Similarly, the 
genera Magnolia and Talauma would then 
be regarded as the most primitive. This 
hypothesis will be more fully evaluated in a 
forthcoming report on the carpels of this 
family. 

In 1933 Whitaker speculated that 
Magnolia, Liriodendron, Drimys, Trocho- 
dendron, Tetracentron, and Cercidiphyllum 
are closely related, based mainly upon the 
fact that the basic chromosome number in 
these genera is 19, which he states is “ an 
unusual number in the plant kingdom 
and is very rarely met.” Ensuing detailed 
studies of these four last-named genera 
( Bailey and Nast, 1943; Nast and Bailey, 
1945; and Swamy and Bailey, 1949) have 
clearly demonstrated many morphological 
differences in both vegetative and re- 
productive organs. Although the pollen 
of Drimys is described as being monocol- 
pate, its germinal aperture is reduced to 
a pore, a condition totally unlike the 
elongate sulci in the pollen of the Magno- 
liaceae. The pollen of Trochodendron, 
Tetracentron, and Cercidiphyllum is all of 
the tricolpate type, similar to that of 
advanced dicotyledons. Furthermore, the 
fact that Darlington and Janaki Ammal 
( 1945 ) list 19 as the haploid chromosome 
number for 80 species of such morphologi- 
cally advanced genera as Salix, Populus, 
and Vitis seems to indicate that this 
number is not as significant as Whitaker 
believed. 

In conclusion, the monocolpate pollen 
of the Magnoliaceae is regarded as being 
relatively unmodified from the primitive 
type of angiosperm grain. Therefore, 
keys based on pollen morphology sepa- 
rating genera, tribes and even species as 
accomplished in the relatively specialized 
families, e.g. Icacinaceae (Dahl, 1952) 
and Sterculiaceae (Rao, 1950), is not 
possible in the Magnoliaceae, due to the 
overlap of pollen characters in this family. 
Nevertheless, although the pollen of the 
Magnoliaceae is of a primitive type, it is 
no more so than that of several woody 
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ranalian families (including the closely 
related Degeneriaceae and Himantandra- 
ceae ) which have a similar type of pollen. 


Summary 


Pollen of 82 species in the Magnoliaceae 
was examined in order to accrue further 
evidence regarding the phylogenetic signi- 
ficance of this family. 

The grains in each genus are described 
on the basis of size, shape, type of germinal 
aperture, and sculpturing of the exine. 
Since these characters tend to overlap in 
the various genera, the construction of a 
pollen key was found to be impractical. 

Correlation of pollen size with degree 
of polyploidy was deemed _ unreliable, 
except perhaps in the case of the smallest 
diploid and the largest known hexaploid. 
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However, it was established for the first 
time that the genus Michelia had the same 
basic chromosomen umber (19) as the 
previously reported Magnolia and Lirio- 
dendron. Nevertheless, contrary to prior 
claims, this basic chromosome number 
was shown to be valueless in establishing 
family relationships within the Ranales. 

In support of the pollen evolution 
hypothesis of Wodehouse, the monocolpate 
grains of the Magnoliaceae are regarded 
as being relatively unspecialized, but no 
more so than those of related woody 
ranalian families. 

It is a pleasure to express my gratitude 
to Professor I. W. Bailey for his con- 
structive criticism of the manuscript. I 
also wish to thank Miss Shanta V. Iyengar 
for the loan of her excellent smear of the 
pollen mother cells of Michelia champaca. 
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REVIEWS 


SRB, A. M. and OWEN, R. D. 1952. 
“ General Genetics.” Pp. 561. Free- 
man Book Co., San Francisco. $ 5.50. 


RECENTLY quite a few books have ap- 
peared on genetics, some being new edi- 
tions and others published for the first 
time. Srb and Owen’s book belongs to 
the second category. The authors ex- 
plain their viewpoint in the following 
words: “ In presenting the subject, we 
believe it most important that the general 
biological implications of genetics should 
never be lost from view. To accomplish 
this end, we have attempted from the 
outset to present genetics in terms of the 
effects of hereditary units, in dynamic 
interplay with environment, on the deve- 
lopment and function of organisms.” 

Regarding the general content of the 
book, the first sixteen chapters (pp. 
349 ) are devoted to the general principles 
of what may be called “ classical ” or 
formal genetics. Throughout the presen- 
tation is extremely lucid, and there is 
novelty and variety in the choice of 
examples and illustrations. At the end 
_ of every chapter there are references to 
literature and ‘ Questions and Problems ” 
for discussion. Chapters 17, 18 and 19 
deal with the physiological effects of the 
gene, chapter 20 with population gene- 
tics, 21 with genetics and evolution, 22 
with modern methods of plant improve- 
ment, 23 with animal improvement and 
24 with eugenics. 

The book has a distinctly modern out- 
look and a welcome bias towards the rela- 
tion between physiology and genetics. 

No mention is made of Lysenko in the 
index, but Hammerling’s grafting experi- 
ments on Acetabularia described on page 
395 are very important in indicating the 
dominant role of the nucleus and the 
improbability of the existence of the so- 
called “ vegetative hybrids’ which Rus- 
sians have reported in ever-increasing num- 
bers in the past. Perhaps other lower 
plants may be used for similar experi- 
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ments in preference to higher plants to 
test the validity of the Russian theories 
of genetics. 

P. MAHES'WARI 


BEAVER, W. C. 1952. ‘The Science 
of Biology.” 4th Edition. Pp. 895. 
The C. V. Mosby Company, St. Louis. 


Tuts book is divided into 5 parts and 
40 chapters. Part 1 (chapters 1-7) 
deals with general principles of biology, 
objects and methods of study, and nature, 
organization and functions of cells and 
tissues. Parts 2 (chapters 8-16) and 3 
(chapters 17-28) consider all aspects of 
plant and animal life respectively. Part 4 
(chapters 29-40) covers a wide field on 
general and applied biology. Part 5 is an 
appendix of important prefixes and suf- 
fixes, a glossary of technical terms and new 
and old systems of plant classification. 

Beaver’s “‘ Science of Biology ” is really 
meant for an undergraduate, but can be 
profitably used even by a graduate stu- 
dent. The illustrations and microphoto- 
graphs are well chosen and quite satisfac- 
tory. A good deal of information has been 
presented in the form of comparative 
tables and illustrated charts. Each chap- 
ter is followed by ‘Questions and Topics” 
as well as selected references. The former 
are designed to encourage thinking on the 
part of the student and enable him to 
judge the capacity of his understanding. 

Even though the book is of an elemen- 
tary nature and some of the statements 
are not quite up to date, the material has 
been carefully presented. The economic 
importance of various groups of plants, 
the history and development of biology, 
and brief sketches and contributions made 
by some of the earlier biologists have all 
received proper attention. 

As the author emphasizes in the pre- 
face, the book is designed to “help the 
instructor help the student to help him- 
self”. An attempt has been made to 
systemati-e and condense biological knowl- 
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edge so that it can be more easily taught, 
visualized and mastered. 


B. M. Jouri 


BEAVER, W. C. 1952. “ Biologic 
Science in Laboratory and Field.” 
Ahr Editions § Pp2253,41 The ùC.. V. 
Mosby Company, St. Louis, U.S.A. 


Tuts laboratory guide is a companion 
volume to the author’s “ Science of Bio- 
logy ”. 

The author correctly emphasizes the 
need for proper development of the 
“scientific method’ which would enable 
the student to make careful observations, 
accurate drawings and draw logical con- 
clusions. He should feel stimulated to 
investigate the problem in an objective 
manner and propose a working hypo- 
thesis only after a thorough study. 

The general procedure adopted by the 
author is quite instructive and would 
lead the student from simpler to more 
complex problems. It is felt, however, 
that too many details have been given. 
This is likely to take away the initiative 
of the student. 

There are several unlabelled figures 
(on zoology) which the students are 
expected to complete. No such figures 
have, however, been given for botany. 
The addition of outline diagrams would 
have made the ‘ guide’ more serviceable 
and helped to reduce the descriptions. 

The questions on botanical problems 
on pages 79-86, in the form of filling up 
blanks, are for encouraging the keenness 
of observation of the student. It would 
have been better to insert them after each 
topic rather than all at the same place. 

The criticisms made above are not in- 
tended to diminish the value of the ‘guide’ 
which has been very well brought up. 

B. M. JOHRI 


McLEAN, R. C. and IVIMEY-COOK, 
W. R. 1952. “ Textbook of Prac- 
tical Botany.” Pp. 476. Longmans, 
Green & Co., London. 36s. 


THE present book is a companion to the 
authors’ series entitled ‘Textbook of 
Theoretical Botany ’ of which so far only 
the first volume has appeared, The other 


three will no doubt be awaited with 
interest. 

As pointed out in the preface to “‘ Prac- 
tical Botany ”, the quality of laboratory 
work is no less important than that of 
the theoretical work. In fact the latter 
is a preparation for the former, but the 
importance of practical work surpasses 
that of theoretical. Unfortunately at 
present there is not a single satisfactory 
guide to practical botany for the graduate 
student. The present book is intended 
to fill up such a gap. 

The “ Textbook of Practical Botany ” 
is divided into ten parts and at the end 
there is a useful appendix dealing with 
methods of microtechnique, logarithms 
and antilogarithms as well as addresses 
of scientific dealers in the U.K. The book 
is illustrated with several micro and 
macrophotographs, but if these were 
substituted or supplemented with line 
drawings, its usefulness would have been 
increased. Microphotographs always have 
the disadvantage of focussing only a 
small part of the microscopic field under 
high magnification with.the result that 
they are often blurred reproductions which 
are of little value to the student. The 
general get-up of the book is excellent, 
but the cost of 36 shillings appears to be 
somewhat high. 

Part 1 deals with objects of laboratory 
study, make-up and use of a microscope, 
and preparation and handling of material 
for hand-sectioning and microtomy. Mea- 
surements and drawings have also received 
attention. Micro and macrodissections, 
which are useful aids in morphological, 
anatomical and embryological studies, 
have, however, not been mentioned. 

Part 2, entitled ‘Cytology’, describes 
the structure, modifications and contents 
of the cell and includes microchemical 
reactions, which are straightforward and 
easy to perform. 

Part 3 deals with morphology of 
selected types under the thallophytes, 
bryophytes, pteridophytes and gymno- 
sperms. Under Cyanophyceae, only Nos- 
toc has been mentioned. Inclusion of 
Oscillatoria, which is much more common, 
would have proved useful. Gnetum, which 
shows affinities to the angiosperms, has 
been left out and only Ephedra has been 


368 PHYTOMORPHOLOGY 


taken up under the gymnosperms. There 
seems to be no special advantage in 
Pinus and Taxus preceding Cycas as has 
also been done in Volume I of the ‘ Text- 
book of Theoretical Botany ’. 

Morphology, anatomy, sexual repro- 
duction and taxonomy of angiosperms 
are dealt with in Parts 4, 5 and 6. 
Part 7 dealing with ‘ Plant Physiology ’ 
includes colloidal phenomenon, absorp- 
tion, transpiration, assimilation, enzymes, 
respiration, growth and response. Direc- 
tions for assembling the apparatus and 
performing the experiments are adequate. 

Part 8 is an account of the ‘ Modifica- 
tions of the Normal Plant Form’ and 
deals with ecological morphology and 
anatomy and _ vegetative propagation. 
Of greater interest still is field ecology 
to which Part 9 is devoted. The proce- 
dures outlined are simple and effective. 
An additional feature is the inclusion of 
herbarium technique for collecting, press- 
ing, drying, mounting and storing speci- 
mens. 

‘Variation and Heredity’ occupy the 
subject-matter of Part 10. Examples 
of variation have been chosen from 
the leaves of Taxus, flowers of Eranthis 
and spore size of Mucor and Equisetum. 
Ontogenetic evidence has been deduced 
from the young rachis bearing pinnae 
and old flattened phyllodes of Acacia 
melanoxylon. Mutations, geographical evi- 
dence of evolution and hybridization also 
receive attention. 

On the whole the outlines of practical 
work embodied in the book under review 
are very well drawn up and will be of 
considerable use to the students. 

B. M. Jouri 


GAUSSEN, H. 1952. “Les Gymno- 
spermes vivantes et fossiles, fasc, IV.” 


Laboratoire Forestier de la Faculté 
des Sciences de Toulouse ( France ). 


LA publication de l'important ouvrage 
du Professeur H. Gaussen a commen 
cé en 1942. Dans le premier fascicule, 
l’auteur expose d’une manière détaillée 
et originale les lois de l’Evolution, et en 
particulier la théorie de la Surévolution 
et de l’Evolution peudocyclique qu'il a 
mise au point principalement à la suite 
de ses études sur les gymnospermes; 
l’exposé de ces lois est illustré d’exemples 
empruntés aussi bien au régne animal 
qu'aux végétaux. Puis vient l'étude des 
Ptéridospermées. Le second fascicule 
(1944) est consacré aux Cycadales; le 
troisième fascicule (1946) traite des Benet- 
titales, des Ginkgoales et des Cordaites. 
Avec le quatrième fascicule commence 
l’etude des Conifères. Apres l’exposé de 
leurs caractères généraux et de leur classi- 
fication, l’auteur étudie en détail, dans 
ce volume de 250 pages, l'appareil végé- 
tatif et reproducteur, ( à l'exclusion de la 
partie gamétophytique) du premier groupe 
de Coniféres, les Pinoidines. Le type 
choisi est Pinus maritima; après la mono- 
graphie de cette espèce, vient la morpho- 
logie et l'anatomie comparées des familles 
et des genres de Pinoidines, faite organe 
par organe:Plantule, tige, feuilles, cônes. 
Beaucoup de questions sont envisagées 
d'un point de vue nouveau; signalons en 
particulier la distinction établie entre 
deux types de feuilles de valeur morpho- 
logique différente: les “ euphylles ” 
(Abies, Picea) et les “ pseudophylles ” 
(Pinus, Sciadopitys). Des conclusions 
phylogéniques termient ce fascicule IV. 
L’illustration est abondante: les quatre 
fascicules parus contiennent 292 figures, 
et 23 planches hors-texte d’excellentes 
photographies, 
P. OZENDA 
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